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Introduction. 
7 

i his menloir is the first p;tri of a n  ii~vesligaiion carried out for the 
ptrrpose of siudying the more general laws of horisontal dish-ibutiori 
and the pra~ditction capacity of cfifferent are3s ol [he sea a s  regarcis 
p!ar~kton animals. iMy first iilteiition was to study Calrrizrrs /ly/ier.i7ni.~zi.: 

from its whole distribuiion area aiicl I have rn this work used different 
materials colleciec1 by several expeditions. So far  I have from these in- 
:,estigaiions only published a very short preliminary report (S o m m e 
1929). During the work the llecessiijr of a coxnpariso~l with the chief 
lilies of clislribtrtion also of other species e. g .  Culnrziis jinnza~c/zicris ai1c"l 
certain Eri/;hiir~siilcie became evident. H j o r t nncl R u LI d (i929 pp 
05-58) has lcinclly rnacle use of some of my observations ancl charis 
made on the clistribtttion of Euphalisiriae. 

-< 
I ne pi-ese~lt paper is  chiefly basemil tlporl tlie excellent materials 

co!lrcted by 11i1-. 0 s c a r S n n ,d cil-!ring his c r t ~ i s ~ s  to the Lofoten area. 
? sin greatly ir::iepie:l io ills. S n n :l for entrusiirig me ~niith these mate- 
rials a:l,rl for col!ec'liilg after rriy suggestions ii?aterial especially i i~ent 
to tilrow Iighi upon certain que-i' a ioils. 

After serious reconri~2eraiions 1 have in ihe presetit paper no ton ly  
given a (detaiied description of the feattlrcs f r ~ ~ i ~  my  iilvestigaiions from 
the Lofcten area  fsl.iecia1 part) ,  but I a h  fou~:d i t  corlveniei~t to intro- 
duce rhe problems of iiie open ssa 2nd their possiblz solution suggested 
by the literature and my own material (general part). '  i n  a future part 
of my W O ~ L ~ ,  the iiivesligatiotl of C~/ai?irs /~yy?eriisrerrs, which have 
for s c z e  time bse:~ tln'cier preparation, tlie prcb!ems oi the open sea 
nn:i the arctic regiolis will be ,disct~ssec! in inore ci-taiis. 

Concerning the general laws of vertical distributioil of planktoiiic 
animals illaily open questioils are in ~ny opiniotl still left. hilore investiga- 
tioris of e:.;perimentc;l character, tilore iilvestigations c11 the optics of the 
sea, a ~ i t i  rrlore exact quantitative methods are absoIulely necessary. 
These problems have therefore a s  far as  possible beell kepi out of nty 
cliscussio~ls. 

During one year of my work ! have been engagetd to The Norwegian 
. . 
1-islrery Board. Further grants  have bee11 ma,de by >>FiskeribedriCiens 
fo:-sknjitgsfoi~cl~<~ the ~ N a n s e n  fonclit and >Collet-is legat<( for which 1 
want to espress my aknowledgements. 

Earlier printed in A n ~ e r i c a t i  Naturalist. Vol. L Y V I I  1933 





GENERAL PART,  

Damas's Circulation Hypothesis. 

Through the many plankton ilivestigatiotis carrie,d out cltlriiig the 
last  50 years we know that -very l3la1iktonic species, animal or plant, 
ha,s its o ~ ~ n  characteristic geographical dislribution. 011ly few of the 
papers publishel:l OII this subject attempt, howevet-, to discuss the reason 
for this phenome~ion. A very interesti~lg exceptiort in this respect forms 
a paper by D a n a s (1005), where D a In a s not onlp raises the pro- 
blem of Ihe specific distributiorl of plankto11 orga~iisms, 'but also suggest 
a method for its possible solt~tion. D a In a s's questiorls we may fornlr 
in the following way: 

W h y  a r e  t h e  s p e c i e s  o f  p l a n k t o n  a n i m a l s  it1 t h e i r  
d i s t r i b u t i o n  1 i m i t e . d  t o  , d i s t i n c t  a r e a s  o f  t h e  s e a ?  
W h y  i s  i t  t h a t  L h e s e  a n i m a l s ,  w h i c h  w e  k n o w  m a y  b e  
c a r r i e , c i  f a r  a w a y  w i t h  t h e  c t ~ r r e ~ j t s ,  a r e  n o t  w i t h i n  
a s h o r i  t i m e  e v e n l y  d i s t r i b ~ t e ~ d  f r o m  p o l e  i o  p o l e ?  

D a m a s's investigations included. 3 important species froill the sotrth- 
ern Norwegia~i Sea, Cntarzus firzlrzarchic~~s (Gun~le r ) ,  Crrianrts hyper- 
I7oreus Kroyer and Psei~docalatzlrs elo~zgnfns Boeck. His treatment of 
ihe Calnrzus Jinmnrcllicrts most clearly ~demonstrates his ~n~ethod. For 
this species D a rn a s succee,ded in deterrriinating 11 rnoultirig stages 
(later investigations h a s  prove'c! the existence of 12 stages). The occur- 
rence of eggs, a s  well a s  each of the moulting stages or groups of such, 
an..? also the adult atlirnals were now ,by D a tn a s mappecl otlt separately. 
These charts D a m a  s now compare,d with d ~ a r t s  showing the diffe- 
r e ~ ~ c e s  in external con,ditions of the area ir-ivestigated, hoping by this 
method to fin,d a n  interrelationship between distribution and et1vironrrient. 

D a rn a s's charts of the distribution of eggs, males and fernales of 
the species mentio11e.it (Fig. 2 a )  provecl the existence of a large and 
distinct spawnirrg area  ,dtrring May-June 1904, a spawning area  
which was found to be sitttated within the surface isothermes for 2" and  
6" C. The maill spaw~iitig was eveti founcl to occur betweell the narrow 



limits of 4" an,d 6". The larval stages from this spaw~l ing  area,  h!;ljd 
on the other hand, a far  wi'der clistribistio~l than ihe eggs. They followed 
the crrrrent northwards arlcl eastwarck through the Norwegian Sea. 

In order to give a I'easible expla~latiorl of tile phenomenon jtrsi 
discribed D a m a s put forward his circulatio~l hypothesis, a hjrpothesis 
which he also -irie,d to extend to other species an.d ot l~er  arcas. The 
foundatiort for this hypothesis was the discoverjr by Ii e 1 1 a 11 'd - 
I-1 a 11 s e 11 and  N a 11 s e n of the great cyclorric system of the waters 
of ikie soutllerrr Isart of the Norwegir:11 Sea, ivhich, however, i i ~  1905 
had not yet been ptibiishecl. D a ~n a s ass r i i~~ed  that the ~vhole life cycle 
of the species iil this a.rea .c?epende:i up011 this cycionic system. S p a w n i ~ ~ g  
could apparently ~ n l y  take place wittiin the limits of temj:eralure which 
11e hzd f0un.d illside the spawning area. The !ie.ili generation derived 
from the spawning was  first carrie,d wit11 the cui-reiit away frot21 the 
spawning area,  mil Iaier with the cycionic current back again to the 
same area ailti to tll'e sanle ~:Iiysic;il condiliolls where spawl~illg could 
oace more take place and anot l~er  ger~eration coti1,d then start  its drift. 
The necessary time Cor each .drift along the cotlrs-, of the cyclonic systein 
and each ge~?eration would, accordi~lg to Damas, 1l;;ve to he or;e year. 

I I .  

From a biological and l-iydrographical poini. of view grave dotibls 
may be raised against D a m  a s's farnotls circulation ltypothesis. O L I ~  
present knowleilye of the iem1:eratnres a t  whiclr tile spa~~l;lni~lg of Cfliiliius 
fiiz/rzilichirrls fakes place Ihus forms a coricitrsive objection. I $  we com- 
pare  the cliffel-ent temperattires oC the areas from wllicb illis widespread 
species ioas regularly been recor~decl a consi.derable variation in spawning 
ten~peratut'es are founcf. The papers by F a r r a n (1929) ancl R t r  s s e ! 
(1928) clearly show that the spawi?ing at the English coast takes place 
a t  a temperattire of about TCo or more. The irerjirerit occtlrerice oi' tile 
specizs >drrring tlie whole year in more sotitherrl waters proves that the 
tipper limiis of spaw~liilg are  not herewith reacileci. In the Lofoter~ area,  
a t  the Norwegian coast, fro111 where f shall below give some results 
frorr: my ow11 i~westigatiolls, 1 have actttally foui1.d spawni~ig females 
and eggs of the earliest cieavage stages in waters of a tenlperatt~re dowtl 
to 1 ", 22. The freyuer~t occtirrence of the species in waters where even 
lower temperat i~r ts  a re  pr~eclominatii~g suggest still lower limits. Cer- 
tainly, it is thus very improbable that in the souihrru Norwegiar: Sect 
- among holoplanktot~ic species - we ~fioi~lcl  find a local race prea- 
ctalstecl to spawn in the narrow temperature interval of 4"-6". 



Fig. 1. The Lofole:~ area ~v i th  the surface temperatures for hlarcil to April 1322. 
The darkened areas show the centers where rich iiauls have beei: made ciuring 
xvillter titne for both species investigated, a i d  to which the spawning of Crrlntz~is 
/i,vper.boreils is limitted, Tile area shaded is tile cold area into .ivhicI~ most liurnbers 
of Crrlanrrs Izyperbore~rs, fernales and larval stages, are carried alter spawniilg time, 

and ~vhere the main spawning of Cnlanirs fir;n~co.c/zictrs takes place. 

Spawraitrg of Calanus jinmarchicus and CaBanus ltyperbsreus 
in the Loisteal area. 

An eztezlsi\!e materia! coliecte'd by The Nos~vegiail Fisherj, Board 
- 0  l in the Lolofen area  together with materiais collecfe:! by N o r tl g a r c! 

from the sam,: area  1899 2nd 1 9 0  has  given me an opportul~iiy for 
investigating the spa\.;ining- areas of the two species Ca lanr~s  finmarchic~rs 
and  Cctinrlrrs J z y p e ~ O o r ~ t ~ s  accor,di~ig to the methods oi D a m a s. 

C a m a s gives in Iiis paper only very few details as io his rnethods 
for determinatirlg 'rhe younger slages. The first task of my work lias 
therefore been to give a more complete clescription or' ihc !7o~lutger stages 
and to work out a method for the determi~lntio~i of iiie qcantities of each 
stage present in the sample. A ~norlsllologicai differetlce was ill the 
two closely relat'ed species only fou12,d in the strttcture of the eggs, wliile 
in the early larval stages (6 tlauplirrs and 3 first copepc~diri stages) no 



such ,difference could be found. By measirring the Carapace, however, 
a decideld difference in size was fo~tn,cI, and by this means a separation 
of the species and a quantilative cleterininatiotl call be effected. 

By using this method I have succeedecl in mapping out the spawning 
a reas  for the two species during their spawning time, A/larch-April. 
(Fig.  1) .  

Spawning Cninnrts fii?niarr/zirrrs an:? their eggs were found in every 
locality investigalecl, but the nulnbers of female 2nd eggs shoiv a great 
deal of variation within ciifferenl parts of the area.  A cross section on 
the 9. of April 1922 (Fig. 19) where ihe nttrnbers of females and  eggs 
of this species have been recorcled graphically with the lemperzitures of 
the water, show a marked increase in the numbers in  the norihwestern 
part  of the section, where the surface temperature is less than 3". This 
cl-raracteristic feature h a s  beet1 found i i ~  a!L cases inestigateii. The table 

1 Vertical hauls. 
Surface I Nansen closillg net. 1 '  1 §ur face hauls. 

temperature. 1 - I 

1 * I =  , Eggs I P 9 n =  1 9 9 
I I I 

1".5 - 3" 5 39 1 5 972 98 

3 O . 5  - 5" 1 19 ; 490 2.8 
I I 

More than 5" 9 1 560 1 5.9 - 
1 1  More than 3 O . 5  1 1  -- 

I 
I - 1 -  - 28 1 98 

Average nu~tlbers of eggs and females of Cnlnizlrs ,f.lizmznvclricus march-april 
1922, plotted agaitist surface temperatures. r! = 11~11nber of hauls. 

thus gives the average nu~nbers  of eggs an:l females in March-Apri! 
plotted against i~lt~ervals of surface ien;per,:tures. From waters of r! 
su~,face temperature below 3O.5 the number of i~~clividtrals are slriliingly 
predcrninant. Apparently we have here a cliarricteristic s p a w n i ~ q  area 
lieu?; much like {he spawning area  cr'e~cribe~cl by D ,? m a s.  The propor- 
tior! between eggs and f e m ~ l e s  show, howea~er, 110 marked difference in 
ciifferent parts of ihe entire area investignted. The predominant spaw- 
rling in the northern area  of cold waters is thus simply .clue to the great 
e:cess in  lumbers of spawnitlg females found there; the fewer specimel~s 
spawni~ lg  freely outsid~e this part  of the area  ciearljr shows iliat no 
limiting factor exist for the spawning process itself. 

For Cnlnt?us Izyperborerls the spawning area  was fou11,d to be 
strongly limited to the inner par ts  of the area, mostly inside fhe s~trface 



isotherin of 2" (Fig.  1 and 32 a ) .  In this species the rtiaiiy samples esa- 
mined from the years 1922, 1923, 1924 and  1929 clearly reveals that 
no spawning takes place outsi'de this part  of the area;  the specises in 
quesiioil i s  here not found outside the iilrler area  before the first days 
of April, anci the samples a re  then founcl to consist of females which 
zlready have spawned (recognized by their wide oviclucts) and later 
larval stages. 

AII i~l teres t i~lg fact in the biology of this species is a scarce stock oi 
actualijr spaw~l ing  females with their newly spa\vne'd eggs, which was 
iouncl inside the spawning area in hauls frorn below 100 or 2080 meters 
n10r82 than a month after the spawning in the upper !ayers had been 
fi~iished. The teinperature cluring this spaw~l ing  was from 6" .5-7". 
In cult~lres I have moreover succe~deci in cbserving the mature fernales 
spawni~lg it1 temperatures froin -1 "'5-7O.5. If the iei~iperature repre- 
sented the limiiing factor for the spawning or' this species, spawning 
avould according to these observations take place not only in the whole 
;:sea inv~stigrate~d by m8=, but also in most parts of the Norwegian Sea 
and in wide areas  in the north Atlantic. About the same coilclusions 
~ r o u l d  be reached regarding the salinities at which spawning has  been 
observed. 

What  then is  the reason for the lseculiar ari-angenient of the two 
species during the spawning time? 

The statio~ls fro111 December 1929 (Fig. 27) shows the large nutl-i- 
bers whicli a! this time of the year are  accomoriated i11 great depths. 
Cnlaizus Izyperboreus is orlly found in tzauls which a re  I-epresenting 
waters deeper than 2C80 meters, Calarzrls firzmznrchinis is rnost Crequent 
in  the ,deepest hauls, but is also meet with in considerable nunrbers i i ~  

wsters up to 220 meters. This type of veriical ,distributioli, which Iias 
always be:n i ' o ~ ~ n d  in ~tlaterials from December, Jani;ary and {he two 
first weeks of February lead to a11 interesting concltision. The absence of 
Cniaizirs hyperboreus in the otlter pzrts 01 Norwegian coast waters be- 
fore ihe 15. 01 March (four13 by N o r 'd g 2 r d (1899), R r1 t~ cl (I929), 
from my materials a11,cl others) are  quite simply esp!ained by the fact 
that those greai c'eptlrs, which are  a matter or' neces~ity to 'the species 
a t  this tiine of the ymr ,  ,do not exist in these par ts  of the ocean. 111 
Culanus finn?arc/zicris tlie materials give the s:?.me p i c t ~ ~ r ? ,  only ilot so 
marked a s  in the preceeding species. A few specirne~ls have during 
winter been caught oiitside the 'c!eep areas  by N o r cl g B r cl, K LI u ,d and 
by myself, btit the ntrmbers caught a re  a lv~ays  less that1 1 O l n  of the 
liurnbers frotii the rich l ~ a u l s  in the deeper water m a w s .  

This winter situation is in both species interrupte.il by a n  active 
vertical migration of the animals in spring. 



Figure 28 shows the type of vertical distribtltionz in Cafu~rlts jii~rilur- 
chicrrs before and a f k r  the migration. The i~ltermediate stages - catctzes 
from the period ot' actual migration - are  fairly well tdemoi~slrate.J in 
Nor'dgArds inaterials an.d partly in my  own materisls (Fig.  29, 30, 32 
2nd 33). In this way it b a s  been possible to c?ekrn?inate the time ar 
which the migrations take place. In the case of Calanrrs /'in/?~rrrchicr/.s 
~nigrations is finished before the 15. of March, in CN/QIINS hy/irri7oretis 
I I O ~  before the 15. of April, the difference in time betiveeii tile two species 
thus being about 1 month. 

i n  the .deep water where the water masses a re  brst comparatively 
s!owly re~lewe,:g. {lie ailiinals a re  well proteclec! agsinsi the stronger 
effects oi' crrrrent. A s  soon, i l~w~ever,  a s  they by vertical r;iigratio:~ reac!~ 
the s ~ r f a c e  layers, they arrive in water n ~ a s s ~ s  which 011 accotir~t of the 
$!OW of freshwater a re  foi-cec? away from the coast. Thz total nunlbers 
of induvidtrals caught in the hauls Ci-om bottom "i ssurface a t  a station 
rhus alviays show a rnarke:i ,decrease ,cit~rirrg an3 after ihe vertical 
migraiioin in those places where great inumbers were fot~n:! to be static- 
nary during the wii~ter. 111 {he southel,n part  oi the Lofoten area,  where 
the coastal current carryiilg water of ccmparaij~vely high terl;lperati~re 
ailcl high sa l i~~i t i es  rtrns into the area, nearly all specimens from ihc 
winter time a re  washe,d awriy shortly a-fter the migratio11, At one stailio!~ 
here (Okss:inil) I obtaiiled on the 10. December 1928 4085 specirner~s 
oi' C6llnnr~s fi:znlarc/zicus btfore tile migration. N o r d g A r d obtained 
1443 on the 17. of February 1899 ririring the periot! of migratioir and 
onSj 1% on the 29. of March 2899 after the tl.:igr;itioii. i n  April 1922 
several catches frolrr this same loc2-l,lity tias S ~ O W J I  me  none or oniy single 
specimens. 111 the fjord of the nor theas ie r~~  par t  of tine area, where the 
cttrrents a r e  of more local character, more specimens a re  leit alter the 
migration. 011 a n  average E have fotintd that about 19/20 of the winter 
siock are carried away, only 1/20 are left behind ill the original area. 

Sirn~tlt~neously with the decrease ill numbe!-s insicle ihe areas  \vi-~e!-e 
the species are found dtsring winter, an  increase has been fou11cl ~ I I  

certain areas  otriside, especially in the northern part, cat~sed by the 
transport wit!? the c t ~ r i ~ ~ n t s  Srorn the iii~ier parts. 

The average numbers found in differer~t months of wiiiter and  sprilzg 
thus gives us  the m.:ans of definiilg tlze areas  froin which the species 
disappear afier the migration and to which areas they are  carrie,d away. 

Another factor which is of great interesl !or the definition oC the 
extent of the spawni~lg areas h a s  been foun8:i iin the study of the breeziing 
seasoil oi the species. The fei??ales of Cnla;ms /zyp~uDni.eiis hnve t k i r  
ovidt~ct filied with eggs, a1lc1 the copulation takes p i ~ c f -  i n  january a n d  
the first week oi February. 



During the 3 last weeks of Febrrrary they a re  only fo~intl with tlilripe 
eggs in the later stages of growth. The males (lie off and disappear- fro111 
Ihe plankton before the vertical migration. Dtlring migration the com- 
position of the stocli was it1 1929 foulld to consist of 57 % felnales and 
43 O / o  belongitig 10 ihe two last larval stages. The spawning takes place 
'during or iinmediately after the vertical migratioil an'd males, or fernales 
wit11 eggs, have - in spite of the esess of larval stages - never been 
found aitzr the snigration. 

,- 
i 11~1s i n  C a l a n ~ z s  / ~ y p e r O u r e u s  b u t  o n e  f a c t o r  a p -  

p e a r s  i o  , d e t e r m i n a t e  t h e  e x t e n t i o n  o f  t h e  s p a w n i n g  
a r e a ,  n a m e l y  t h e  , c I i s t r i b u t i o : ~  o f  t h e  s p e c i e s  , c l u r i n g  
w i n t e r  t i m e .  

in Cnlnizus fiizmnrc/zicrts this is different. O n  a n  average this spe-, 
cies - a s  nlreacly meiltiolled - undertakes the vertical snigratiorl a 
month earlier than the preceeciing species, while the appearance of eggs, 
in the ovidticts of the f'emales and in the samples collected, s l o w s  that 
it spawns more than a lllcinth later. T w o f a  c t o r s a r e a c c 0 r - 
d i n g l y  f o u n d  d e t e r m i n a t i ~ ~ g  t h e  s p a w n i n g  a r e a  o f  
t h i s  s p e c i e s ,  n a m e l y  t h e  w i t l l e r  a r e a  o f  c l i s t r i b t ~ t i o n  
a n d    no re t h a n  t w o  m o n t h s  e x p o s u r e  t o  t h e  s c a t -  
t e r i n g  e f f e c t  o f  t h e  s u r f a c e  c u  r r e n t s  b e f o r e  s p a w -  
i l i n g  s e a s o n .  

The phenornenoi~ that the spaw~ling areas  a re  foutld limited to 
tertaiil isothermes and isol~alines thus appears to obtain a quite rlatural 
explanation. The limiting isotl-iermes and isohalines a re  merely ihese 
characteristic limits of ,c!ifferent currents, bvell known to oceanograpllers, 
in this cast  t!le limits of col'd coastal water carrying the species away 
from the inner areas.  

The chief features of the seasonal 'distribution and the prodtlction 
of in-dividt~als of the two species investigated, are, a s  will be seen, clue 
tc, a combined biological - hydrographical mechanism. Many impor- 
tant questions a re  however, left !o futtlre investigations. The winter 
stock in thle ,deep waters is thus certaitlly clue to a n  invasion of specimens 
who have sunk to great ,deeptl-is in su~nmer aricl authumn, but i l ~ e  mate- 
rials a re  so f a r  quite insufficiant for further studies of this phenomenou. 
A s  regards the biological part  of the mechanis~li still more questions a re  
left, questions which will ,dema~l~cl more extensive experimental slutdies 
than the very few l~itherto carried out. What a re  - for instance - the 
factors determiiling the maturity of th'e anirnals? It  is a n  interestiilg 
point that, in the arctic species invesligate,d, males ancl females with 
eggs in the ovi:!ucts a re  only fourt3. in 'deep water ancl a t  the darkest 
period of 'the year. In the w6despread boreal species, Cninnrls jinnznr- 



rh~cus, mature 112d1v1duals have only been observed after the specimens 

have for some time been exposed to the stlonger 11ght intensit~es of the 
surface layer s Poss~bly 11ght measurements call  led ou t srm~lltaneot~sly 
w ~ t h  the collect~ngs w ~ l l  glve a more complete tlnderstandlnq of these 
features? 

Helland-Hansens and Nansens l~ypothesis, 

Neither in D a rn a s's paper nor ill the Bulletin Trimestriell (Allay--, 
June 1904)) where the figures of frequencies of the species in D a m a s9s 
materials a r e  publisfied, have I heen able to fincl any fo~11z.dation for 
D a rn a s's opinion illat the spawning of the anirl?als is litnited to certain 
isothermes. Both papers rne~ltioiled quite simply show the same pheno- 
menon a s  just ,clescribecl from the Lofoten area, certain limited areas  
with high freq~tenci~es of certain p la~~c toa ic  species. 

It wot~Icl a t  preserlt have been very clifficult to find ari~7 relation 
between the distribution of D a m a s's 3 species and the e ~ l v i r o n m e ~ ~ t ,  
had it not been that H e 11 a 11 d - H a n s e n an'd N a n s e n (1909 pis. 
312-316)) when they published their discovery of the cyclorlic system 
in the southern Norwegian Sea, had also ma'de the problems raised by 
D a rn a s object of a short discussioil: 

>)When he wrote his interesting paper, D a in a s di'd not know in 
details thte result of our investigations a s  regar~ds the movelneilts of the 
water in the southern Norwegian Sea; he only knew our discovery of 
the great c~rclonic system. f i e  coul~cl rlo? therefore give a ,dNetaileld espla- 
riation of the distribution observe,d. We think that our circulation gives a 
quite nature1 explacation. Accordirlg to C r a 11's (19C2) and D a rn a s's 
investigations it seems a s  if  there a re  ,different species of plankt011 orga- 
nisms e. g, Calanirinl, that a re  qu:ite characteristic for certain areas in 
open sea; within these areas  they abound, whiie they a re  comparatively 
rare  outsi8c1e them. W e  may assume that they are  in a way stationary 
there. We can only explain this fact by a s s t l m i ~ g  that the water masses 
of those areas  also more or less stationary, arlrl a re  renewed compara- 
tively slowly. We have found is1 the soiither11 Norwegian Sea especially 
three different a reas  where there is probably a very slow i-er~~?\vaI of the 
water-masses, and where a great part  of the water lsrobabljr remains 
for a long time, espose~cl to d r ~ u l a t o r y  movements in various directions.<< 

After having giver-] a n  accotrnt of these areas  (which will be seen 
in the figur 2 a an,d b), the two atithors continue: 

))If we now look at D a m a s's chart (Fig.  2 a) it is striliiilg how 
exactly his areas  of three kincis of Calnnidn! coincide with the four areas  



Fig. 

Distribution of Calnnidnc in the southern Norwegian Sea according to Damas. 
The lines mark the boundaries of regions where the different species abound: 
A, adults of Calnrz~is fimtnarchicrrs; B, CnLanrrs hypeuborcris; C ,  Neritic plankton. 
The broke11 hatctling indicates the distribution of larvae of CnLanl~s fi~~tnnrclzicus 

(reconstructed from Darnas, 1905, PI. 1). 

Fig. 

Direction of currents i11 upper 300 meters and distribution of salinity at 300 meters 
ill the southern Norwegian Sea (Helland-Hansen and Nansen, 1909). 



just described. Psea~docaianus is staiioni-iry in the cenlral water chiefly 
of Atlantic origin, in our central area 1 of the cyc!onic systein. CnLatlus 
hy/~trDor,~us is slationasp in the axis of cold nn,d heavy Arctic water 
de~cribe~d a s  our area  3. D a 1x1 a s's bou~ldaryline (Fig.  2 a )  of the 
area  coincides a!mosl exactly with the eclrrilitles tne~~tionecl above. Cnlnfzils 
Jirztnnrchicrrs is evidently stationary in the mixecl waters of Arctic and 
Atlantic origin, in our areas  "ialld 4 . ~  

In lheir paper H e 1 l a 11 ,d - H a 11 s e n n r l  N a 11 s e n have not 
mentioned any reason why they have compared D a 111 a s's chart of the 
distribution cf thr species, which D n m a s regards a s  surface species, 
with the chart of the movements of the water masses at  upper 300 meters. 
As we have seen above from Lofoten it is only during winter that the 
species a re  stationary, an:[ then they a re  statio~lary in .clejsths of 300 
nleters or IIIOI-e, wltere the water is comparativeljr slowly renewed. In  
spring and early sunimer they are exposed to the swift surface currents 
and carried i'ar away from th'eir origi~lal  a r m  The tempel.att~re, and 
still more iight con,diiions a re  I-zowever somewhat diiferent ill Lofotetl 
and the soathern Norwegian Sea. The behavior of the species in the 
two places therefore a re  not directly cotnparable, l-z;i,cl it not heen that 
materials irom the southern Norwegian coasi ( N o r c! g 5 r d ancl 
J o r g e n s e 11 i905. R u u d 1929 and  my materials from Oslofjord 
an:l Mare), where the cotlditions are  not mtlcll clil'f,erent, ha,d already 
shown the same maill featt~res a s  in Lofoten. No :toubt, I-l e I1  a n d - 
H a 11 s e n and N a n s e n were in choosing just a 'depth of 300 
meters for cotnparing the biological and hydrographical condi!ions. 
D a rn a s's chart shows the species some time after the vertical migration, 
acccrdiilglv they have already been exposer1 to the effect of the swifter 
surface currel~ts.  The 1:arrower areas  where they have lsreviously been 
statioilary accoi-.c!ingly have to he found in places which the sttrface 
current have already passed. i t  is striking how we, by ~egar~cling 
H e l I a n d - H a n s e 11 s and N a 11 s e 11 s stationary areas  a s  w i 11 t e r 
a r e a s for the species in cjuestiou, especially a s  regar,ds the best ~ttrdiecl 
species Calcnus firzr~znrrhicns, can recognize the main feattlres from 
Lofoten. Th'e species has  heen carriecl away just in the ciirection of the 
surface currents. 111 the Slietla~~d-Fzroe ri'dge, through which the 
strongest currel-zt rtiils, the species is nearly completely wasbecl away, 
corresponding to what we have seen from where the current rtrns into 
the Lofoten area. Urtcler certain circ~~msfances we may in ,details follow 
the effect of the surface current upon the extension of the spawning 
area.  The martifoicl~~~ess acr! complexity of these results - each of tiieill 
reacl~e~d indepe~i~cleiitly - have now becoine so great a s  to make i f  
estrernely improbab!e that this a,yreeinent between hydrographical and 
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biological data is fortuitous. No doubt, we have here arrived a t  a more 
natural and  more well founded explanation of these phenomena than 
assumed by D a m a s in his circulation hypothesis. 

General discussion, 

Most authors discussing the factors limiting the geographical distri- 
bution of animals have regarded temperature as a factor of donlina~lt  
influence. This  matter h a s  recently been the object of a brief account 
bv B r o w n (1929) in The Amerlcan Naturalist, and  it should not 
therefore be necessary to g o  further into this question here; only a few 
additional remarks will have to be made. 

Regarding marine a n d  limnetic plankton animals a n d  bottom ani- 
mals  with pelagic larvae many other ecological factors than temperature, 
especially the light, have according to the many papers on this subject 
a n  important influence upon physiological processes of animals, and 
certainly therefore ought to have been given a wider space in discussions 
dealing with the geographical distribution. 

Of great importance for the un'derstansding (YE the effect of tempe- 
rature on the distribution a r e  the suggestions mande by H o f s t e n (1915) 
a s  regards marine bottom animals, recently strongly supported by the 
experiments carried out by R u n n s t  r 0 rn (1925, 1927 and  1930). The 
chief line in the theory of H o f s t e n  is  that the temperature limits for 
the younger stages and  ihe reproduction process a re  much narrower 
than the temperature limits at which it i s  possible for older specimens 
to live. Runnstrum h a s  found that the cleavage process of the eggs 
and the gastrulation can only take place within a limited part  of the 
temperature scale. At  temperatures ot~tside this interval these processes 
show pathological features. 

The temperature interval which R u n n s t r u m founld for the nor- 
mal development of different species could like the temperature reactions 
described by Brown be arranged in certain groups characterised by 
lower or higher l~mits .  These groups where found lo correspond lo 
the different distributional types, arctic boreal (-1 "-1 1 "), boreal 
(4"-16") a n d  mediterran boreal (8"-23"). 

Usually R u n n s t  r a m ,  for the same species, foun'c! the same 
reactions to temperatures a t  different localities (Norwegian coast, 
Mediterranean), B r a w n having arrived a t  the same conclusions by 
comparing his own obser~rations from United States to those of 
\XJ e i s m a n n from Germany. 111 other cases R u n n s t r 0 m found a 
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disconti~lous splittering (e. g. Mytiias edulis) of the species, followed 
by di$ference in spawning time and  horisontal distribution, very much 
like the dlifference mentionsd by B r o w n between >>clone 9 8 4 ~  and the 
rrormal Dap/zniu pulex. Accordingly we can not always regard the 
morphologically determinated species a s  being physiological units in 
the geography of animals. 

In a n  ocean without any  convection current, but with the other 
ecological factors unchanged, we should surely find the planktonic species 
a r r a ~ l g e d  in circumpolar belts closely following the limits of temperature 
and  light conditions. 

What  are  now the effect of convection currents? 
The Gulf Stream, from which much of the waters of tile Norwegian 

Spa origitlates, h a s  in the Mexican Gulf and neighbouring a reas  in the 
upper 100 meters a temperature of bztween 22"-28". When entering 
Ihe Norwegian Sea its temperatures is usually about 9".  Chiefly accor- 
ding to the space of time after its entrance in this area  it will further get 
temperatures between 9"  a11d -2". Altogetl~er the Gulf Stream thus 
includes more of the tempera'rurc scale than found by R u n u s t  r o m 
for the normal development of animals from three different regions. It1 
actdition to the change in temperature also other ecological factors like 
light ~on~ditions,  light reactions of the animals and  nutritive substances 
a r e  changed. 

The pelagic life of the Gulf Stream is in its origin tropical. The 
many papers on the distribution of the different species in the Atlantic 
shows us  that it is but very few of the Atlantic species that really, ioge- 
ther with the water masses, enter the Norwegian Sea and succeed in 
reproducing there ( F! j o r t arld R u u d 1929 pp. 80) .  The copepod 
Rhincalanus ~znsrtfus represents for instance a typical Atlantic species; 
its limits of distribution into the Norwegian Sea was determined by 
international investigations 1902-08 ( F a r r 2 n 1910)) only in pears 
with ext~aor~dinary strong supply 0.f warm water (Scrmme 1929) some 
few speci~liens a re  broughi further t~or th .  

It here appears  to be a typical phenomenoi~ due to changes in the 
environment along a coilvection current which is demonstrated, a pheno- 
menon certainly well k ~ ~ o w t l  to marine biologists. It might possibly be 
due to mortality along the current, b t ~ t  a s  we do not know how much 
may be clue to sinking of organisms, d e f i c i e 11 c y should be preferred 
a s  a more adequate name. 



The salin~tles along the Gulf Streani dc not show a great deal of 
var~aiion. This is, however, thc case for other convection currents, for 
~nstance the current sysiein of the B a l t ~ c  and the eastern par t  of the 
North Sea. Accoidi~ig to E k m  a n  (1913), the copepod L~r/znucalanus 
grinzdcl~i, (de Guerne) appears  to be stationary In the northern a n d  
eastern bay of the B a l t ~ c  where the waters a r e  almost fresh. The species 
was here ( I .  c. pp. 496) found to be present in 97 O / o  of the hauls 
made. In other pa r t s  of the B a l t ~ c  it was found in 83.3, 71.4, 16.6 and 
9.1 O / o  of the hauls, the percentage of occurrence decreasing with a n  
uicrease of salinity and  the dlstance from the areas where the species 
was found to be s'lairoiiary, E k m a n's maierials thus demonstrate 
different stages in deficiency of thc sspec~es 111 the convection current 
iunning out of the area.  Of great interest i s  further tlie sialement made 
by 0 b e r g (1966 p p  63) regarding the oceanic speclmen Pa~+acalanus 
linrvus Claus. The copepodid anld the three later nauplius stages of 
this species were frequently found in the western part  of the Baltic, 
while the three earliest stages were always mlssing. Apparently the 
species d o  not succeed in breedlng in tlie waters oi low saltnity. 

While the water masses of a conveclion current thus  appears  lo be 
cliaracterized by a n  inc reas~ng  deiictiency of certain species, the more 
stillstanding water masses of the ocean will contai~i the species prea- 
dapted to the area, species which can live a ~ i d  reproduce there. 

Galmzus jrizmarclzicus, this important and characteristic species of 
the northern seas, is accordinig to F a r r a n (1920) along the English 
coast but very scarce ouiside the isohaline of 35.5 O / o .  Surely this scarce 
stock, however, IS stationary in the Northeastern Atlantic ( N 0 r d g A r d 
and L y s h o 1 rn 1915 and others), the water of the Gulf Stseain there- 
fore having already in this place obtained a n  admisture ol this species. 
Ati increasing admixture takes place during and after the entrance of 
the water into the Norwegian Sea, partly from the areas  to the west of 
fhe curren ( D a ~n a s 19925) and partly from the coastal centres and 
rriore stillsiandirig wafer masses on the eastern side. According to R u u d 
(2929)) however, the species is poorly represented in the axis o.f the 
current off the southern Norwegian coast. Areas rich in this species 
are, in the Norwegian Sea, only found along the eclge of the continental 
shop, In the coastwaters, and in widely extended areas  on the western 
side. Some of these a r e  the areas  described by D a m a  s, others a re  
fcunct further io the north 4 N o r ct g 5 r d 1902, G r a n 1902, D a m a s 
and K o e f o e d 190'4, W i t h 1915 and others). Thc surface waiers of 
some of these localities here rnentloned !nay sometimes be coloured red 
from tlie abundance of this species. 



For the arctic species, Calanus lzyperboreus, I have recently go t  a 
similar picture by examining the very representative samples from the 
danish ;.h>Godth2b<<-expedition 1928 from the Davis-Strait and Baffirrs 
Bay. T11e water masses entering this extensive arctic area along the 
Greenland coast a re  exceedingly poor as regards this species. In the 
northwestern Baffins Bay, however, where more stillstanding waters a r e  
found, generally covered with heavy ice, and  therefore not previously 
entered by expeditions, large numbers were discovered. The numbers 
caught here a re  on average 10000 times a s  high a s  in the poorer parts 
of the area. The current running out of this rich area, following the 
western side, also showed great numbers, the catches usually being of 
similar size order. 

Regarding Calanus hyperboreru the very interesting investigations 
by B i e g e 1 o w  (1926) from Gulf of Marine also seem to me be in 
striking accordance with these observations. It seems to be in the more 
stillstanding water masses of the western part of the Gulf that this 
species i s  stationary during the winter. The current entering the area 
from the eastern side carries this species into the area during late sum- 
mer and autumn. 

Na doubt, in these 4 areas, the Norwegian Sea, Baffins Bay, the 
1,ofoten area and  the Gulf of Main, a s  regards the species mentioned, 
we meei with a factor in the pr~~duct ion of animal plankton hitherto only 
mentioned by H e l l a n d - H a n s e n  anad N a n s e n ,  n a m e l y  t h e  
a g e  o f  t h e  w a t e r  m a s s e s  i n  t h e i r  b i c u l o g i c a l  a r e a .  
The exact valuation of this new factor must be reserved for future 
investigations planned and  carried out for this purpose. A more inten- 
sive study of the distribution also in the winter is for instance wanted. 
Certainly the possible relation between the current system and the pro- 
duction from different areas  may be fairly well demonstrated in species 
like Calanus finmarchicus and  Calanus Izyperboreus where reproduction 
takes place comparatively slowly. Calarzus ffiizmarc/zicus having 2, pos- 
sibly under certain circumstances 3 spawning periods a year, CaIarzus 
lzyperboreus having but one very short breeding season and a number 
of eggs seldom exceeding 400 in each female, It will take many years 
for these species, in areas  where they a re  scarce, to establish nun~bers  
like those which a re  actually found within the rich areas. Large num- 
bers of these species therefore can thus not be produced in a short time 
unless there is a great stationary stock during the winter before repro- 
duction takes place. 

If other species of planctonic organisms will follow the same rule 
cannot be discussed a t  present. Judging from the many papers on the 
distribution of holoplanktonic species, however, and  from the instances 



here treated, it seems to me that the two oceanographers H e l  1 a n d - 
H a n s e n  and N a n s e n, whose work in many directions has been of 
fundamental importance to our present knowledge of the physics of the 
sea, in their short chapter on the biological consequenses of their dis- 
coveries, which has been practically burried for 20 years, has  also 
pointe*d out main lines for a future biological research of the oceans. 



SPECIAL P A R T  1, 
Systematics, differentiation of species by measurement, quantat ive 

determination of biological groups. 

M a t e r i a l .  

The materials used in these investigations were chitfly collected by 
M r. 0 s c a r S u n d during his cruises along the coasts of Lofoten arid 
 worth Norway in 1922, 1923, 1924, 1928 and 1929. In addition, by the 
courtesy of Professor Dr. A u g LI s t  B r i n k m a  11 n, curator of the 
zoological section of the Bergen Museum, I obtained the loan of spec;- 
niens irom the >)Belgica'scr cruise in 1905. 

P r o f e s s o r J o h a n H j o r  t klndly placed a t  my disposal spe- 
cimens collectecl on t i e  M/C >>Morild(r in the years 1926 and 1927 from 
Rornsdals Fjord. The late mr. 0. N o r d g 5 r d, Trondheim, placed at 
my disposal sorted specimens of Calanus hyperboreus from the Lofoten 
district, 1899 an'd 1900. 

F i x a t i o n .  

The material from the >>Corona(( 1922 was fixed in Fleming's fluid 
zccording to G r a n's method for phytoplankton ( G r a n 1 9 1 2 ). The 
other materials were fixead in formalin. 

N e t s .  

Vertical hauls from the >>Corona<( 1922 were collected in silk nets 
No. 14 and diameter 42 crns. Vertical hauls were matde in 1928 and 
1929 with standard nets of silk 0 and 8. ( S e e H j o r i a n d K u u d, 
1 9 2 7 ). This net will in subsequent accounts be called net 8/72. 113 

addition, during the collections in 1929 there were employed nets with 
a diameter of 42 cms and silk 25, referred to a s  net 25/42. 

N o m e n c l a t u r e .  

Regarding the nomenclature used for the species see W i t  h (1915). 



I d e n t i f i c a t i o n  o f  t h e  a d u l t  s p e c i m e n s .  

Regarding the synonyms and identification of the adult specimens 
a n d  the latesi stages of development reference is made to tihe followirig 
papers:  G i e s b r e c h t  (1893), M r a z e k  (1902), S a r s  (1903), v a n  
B r e e m  e n (1908) and W i t h (1915). By means of the characters 
given in these works a certain identification of the 3 iast stages of the 
two species is possible. 

I d e n t i f i c a t i o n  o f  t h e v a r i o u s b i o l o g i c a l  g r o u p s a n d  
o f  t h e  l a r v a l  s t a g e s  o f  t h e  t w o  s p e c i e s .  

In  the followiilg chapters a description will be found of the larval 
stages and of the various biological groups whose 8distributton has  been 
siudied. Chapter I contains a description of the morphological charac- 
ters. Chapter I1 contains a description of the method of measurement 
employed for the identification of the larval stages and its results, 
and also statements a s  to how the various samples were analysed and 
how the various groups were determined quantitatively in the samples. 

G r a p h i c a l  F i g u r e s .  

Throughout this work, where there a r e  found graphical figures of 
the relative quantities of the two species, these a re  given in numbers 
per 100 meters. Each unit of area thus corresponds to a number of 
individuals determined for each figure. 

CHAPTER I. 

Life history of Calanus fin?narchicus 
and Cnlanus hyperboreus. 

Earlier description of larval stages of marine copepods. 

K r o y e r (1845) was the first to identify the larval stages of 
marine copepods. He  was thus able to give drawings of 6 nauplius 
stages ancl several copepodid stages of Calanus /~yperboreus. C 1 a u s 
(1866) in a work 011 the c o p e p ~ ~ d s  of the Mediterranean was also able 
to identify ancl figure a number of iarval stages. He  gives the iden- 
tification of the sptecies, however, a s  doubtful. The first certain and 
complete description of the life history of a marine copepod is found 
in a very interesting work by G r o b b e n  (1881). He  succeeded in 



descr~bing the eggs of Calal~tts Jitzr7zurc/7icus and the main features of 
its further development to the copepodid stages. G r o b b e n, however, 
did not intend to give a description of the systematic characters of all  
the larval stages in such a way that they could be used for separating, 
from larval stages of other marine copepods. The first study of the 
occurrence and distribution of the larval stages is to be found in G r a 11 

(2902). He  succee3ded in separating the various copepodid stages by 
measurement. He was able to ascertain that, including adults, there 
a r e  6 stages of copepodids of Calanus finmarchicus. D a m a s (1905) 
gives further information regapding  the young stages of Calanus fin- 
marclzicus. From G r o b b e n's descriptions he  was  able to identify 
their eggs in samples of plankton and to map out their distribution. 
He  also gave a description of 5 nauplius stages and gave a scheme by 
which from the morphological ch2r2ctrrs it i s  possible to identify the 
G copepodid stages of the same species. He  also mentions that he found 
eggs and larval stages of Cularzus lzyperboreus in samples collected 
near Franz Josefs Land. But neither in the case off Calanus finrnarchicrls 
nor Calanus hyperboreus does he give a n  adequate description for the 
certain identification of the larval stages to species. In a detailed work 
on the life history o~f a number of copepods from Kiel Bay 0 b e r g  
(1906) gave a n  excellent foundation for the further study of the syste- 
matics of the young stages. In the species which he  investigated he 
generally found 6 nauplius stages and 6 copepo'did stages. (His  state- 
ment that D a m a s found 8 nauplius stages of Calanus finmarchicus 
must be based upon a misunder~tan~ding of a purely linguistic character). 
He also found that the larval stages of the various species are  very 
much alike, and that it is difficult to separate them on the basis of their 
inorphological characters without the most careful, study of morpho- 
logical details. In a woirk on the northern part  of the Norwegian Sea 
D a m a s and K o e f o e d (1907) give further information regarding 
the distribution of the larval stages of Cala~zus finmzurchicus and 
Calanus hyperboreus, but even this work does not give detailed descrip- 
tions or drawings of these stages. K r a e f f t (19101) studied the distri- 
bution of the larval stages of a number of marine copepods from the 
North Sea and the Baltic, an'd gives a number of suppleme~ltal remarks 
to the work by 0 b e r g mentioned above. 

W i t h (1915) studied the distribution of the copepodid stages of 
Calanus finmarchicus a n d  Calanus hyperboreus. He gives several details 
and draws  the copepodid stages of Culanus finmarchicus. His  drawings 
are, however, a s  regards various details, very schematic and  differ a s  
to arming and  number of segments greatly from what I have found 
i ~ :  the same species. 



L e b o u r (1916) described the development of Calanus finlnarchicirs 
in 5 nauplius stages and 6 copepod stages, The material for the investi- 
gation consisted of specimens experimentally reared by A4 r. L. R. 
C r a w s h a y a t  the laboratory in Plymouth. In this rnater ial one of 
the stages given by G r o b b e n (1881) was lacking viz. the 6th nauplius 
stage. O n  the basis of G r o b b e n's invcstigaiions and  the existing 
material, L e b o u r h a s  succeeded in ascertaining that all  together 
there a r e  6 nauplius stages of Calanus finmarchicus. In this case the 
species therefore shows agreement with those investigated by 0 b e r g. 

A s  regards details I have found many and in some cases great 
discrepancies from L e b o u r's drawings and descriptions of the larval 
stages of Calanus finmarchicus. Thus in Plate I L e b o u r d raws  the 
r'irst two nauplius stages of Calanus finmarclzicus a s  quite oval, egg- 
shaped. In all  the cases which I have investigated I have found a 
well marked hind end protrulding from the body, without, however any  
segmentation. (See fig.s 8, 9 & 10). Figures 4 & 5 on Plate  I show 
that the carapace ventrally covers the body and the innermost par t  of 
the limbs. A s  fa r  a s  I a m  aware nothing similar h a s  been found in 
any other copepod nauplius, and it h a s  not been found in any  of the 
specimens examined by me. Also in the descriptions of the copepodids 
I have found great discrepancies from the specimens examined by me. 
Thus L e b o u r d raws  and describes the segmentation of the antennula 
in the second copepodid stage a s  having 12 segments, in the third stage 
a s  having 16 and the fourth stage 23 segments. In all  the cases I have 
examined I have found 17, 22 and 25 segments respectively. 

Thus the deviations which I have found from L e b o u r's drawings 
and descriptions a r e  many and  in some cases considerable. This has  
been a n  important factor to induce me in these investigations to choose 
to put forward my observations of the morphology of the young stages 
in all  its details, both a s  regards Calanus fin~narclzictts and Calnnrrs 
h y perborerts. 

Determination of larval stages of Calanus finmarchicus 
and Calanus hyperboreus. 

In determining the larval stages of the two species Galafitus firit- 
mtarchicus and Calarzrls hyperboveus, the following method h a s  been 
employed: 1)  Observation of the morphological characters which show 
tc which stage of development the specimen belongs. In addition, a s  
regards nauplii, the characters given by I_ e b o u r (1916) a re  used 
together with a comparison with the descriptions of Pseudoclanus and 



Pararalanus given by 0 b e r g (1906). A s  regards copepodids D a m a s 
scheme is used. ( D a m a s  1905 P. 8 and S t  a r m  e r 1929 P. 5). 
2) Observation of the morphological characters which show thal the 
specimen is a larval stage of the family Calanus. 3) Measurement of 
the specimen according to a special method which permits a deter- 
mination of the individual to species. 

Thus for the identification of species there were employed bath 
morphological characters and measurements. In the following account 
it has  been decided to give the observations of the morphological charac- 
ters first. Proof that the specimens really belong to the stated species 
will thus  not be forthcomi~lg until the chapter on the special method sf 
measurement anld its results. 

A s  stated above, 0 b e r g 's  work on the life history of plankton 
ropepods from Kiel Bay is characterized by its particularly comprehen- 
sive and complete account of the species examined. In view of future 
investigations and surveys of the life history of Calanoirlea it is irnpor- 
tant that the original description is a s  homogeneous a s  possible. I have 
therefore in my accoutlt chosen to follow 0 b e r g's method as closely 
a s  possible, so much the more so because in the course of my investi- 
gations I found 0 b e r g's method of description clear and  concise and 
well adapted to a comparison of the various species, 

I n  m y  t a b l e s  a n d  f i g u r e s ,  h o w e v e r ,  I h a v e  a s  f a r  
a s  p o s s i b l e  I d i s c a r d e d  t h e  t e r m s  n a u p l i u s ,  m e t a -  
n a u p l i u s  a n d  c o p e p o d i t  s t a g e s ,  a n d  i n s t e a d  I h a v e  
i n d i c a t e d  a l l  t h e  s t a g e s  o f  d e v e l o p m e n t  b y  t h e  R o -  
m a n  f i g u r e s  I t o  X I 1  ( t h e  a d u l t  s t a g e ) . T h i s w a s r n a i n l y  
done because of the geographical part  of the present work. It naturally 
involves a considerable simplification bobh of text tables and figures, 
in that each stage can be represented by a number. At the same time 
it h a s  not been found difficult to keep this method of denomination apar t  
from that used in other works, and I venture to suggest that my method 
of naming the stages should be generally used in copepod literature. 

In investigating the morphological characters I have not, like 
0 b e r g (1900), used total preparations. Each specimen examined has  
been dissected, and each limb prepared a s  by degrees the drawing pro- 
ceeded. Regarding the method of colouriiig employer1 see the chapter on 
the technique of the method of measurement. 



Fig 3. Sideway view of females of Cnlanus hy/~erbor.ens with 
their oviducts filled with eggs. (Specimens from "Johan Hjort" 

"iz 1924, st. 31.) 

Development of the eggs  in the oviducts in CaIanus hyperboreus. 

On the >>Johan Hjort<< cruise in the Spring of 1924, on the 18th 
of February (Station 31, 400 m. w. - about 130 meters from surface), 
a horizontal haul was  taken in the inner part  of Vest Fjord (Ofot Fjord),  
The preserved part  of the sample contained 1 specimen of Calanus 
hyperboreus, stage X I ,  one male and 38 females, the majority having 
the oviducts filled with eggs. 

The single ovary (fig. 4, fig. 6 ov.) in Calanus lzyperboreus is 
situated dorsally in the posterior part  of carapace, from when the paired 
oviducts originate. 2 blind sacs proceed anteriorly in carapace. The  
oviducts run posteriorly laterally and more ventrally. (Fig. 3, Fig. 4).  
Thus  in its main features the structure is found to be the same a s  that 
in Calanus finmzarchicus, with the one exception viz. that in the latter 
species the oviducts procesd farther forward. (See S a r s 1903, PI. I) .  

In the material fixe'd in formalin the eggs appear to be nearly 
transparent a t  the beginning of the growth period, and have then a 
large yellowish nucleus. After the growth period they have obtained a 
certain maximum size and a r e  then ir, the fixed specimens (formalin) 
da rk  with large lighter coloured nuclei. (See Fig. 5). These eggs a r e  
fully grown and unripe. The number of eggs varies greatly. (See Fig. 3) .  



In some specimens there were 65, in others 180 and in certain cases they 
even exceeded 400. 

During my investigations in the Oslo Fjord a t  D r ~ b a k  I had a n  
opportunity of observing living specimens with eggs in their oviducts. 
The eggs were found to be colourless before they a r e  fully developed 
and to show a marked orange colour afier they a r e  developed. 

Fig. 4. Dorsal view of female of 
Calanus fzyperboreus with eggs. 

(Specimen from "Johan Hjort" 
1921, st. 31.) 

Fig. 5. Unripe eggs inside the o iiduct 
of a female of Calanus hyperburells 
during and after the growth period. 

Spent Females of Calanus hyperboreus. 

In the course of a number of experiments with Calanus Fzyperboreus 
with eggs in the oviducts from the Oslo Fjord a t  Drobak in the Spring 
of 1929, I succeeded in observing a number of details of spawning. 
(See page 79). I also succeeded in obtaining specimens of Calanus 
lzyperboreus which had finished spawning. On  comparing the spent 
females with virgin females from hawls earlier in the year before the 
eggs had begun to ripen, it was possible to find characters whereby the 



virgin a n d  the spent females can be distinguished. When the large 
quantities of eggs have left the oviducts the latter shrink somewhat, 
but they always remain wider than in the virgin females. With 50 times 
enlargement one a t  once sees in spent females the swollen oviducts and 
may trace their course. (See Fig. 6). If the animal is viewed from the 
dorsal side it i s  easy to trace the cul d e  sacs which run forwards. In 
virgin females on the other hand the oviducts a r e  very difficult to discern 
without special preparation. From the dorsal side it i s  possible to trace 
the cul d e  sacs which procee'd forwar'ds a short distance in front of the 
ovary. In stage XI, where a s  a rule the oviducts do  not contain eggs 
o r  have contained eggs, one always h a s  a good opportunity of studying 
the appearance of the virgin oviduct. In the virgin female the oviduct 
always h a s  the same appearance a s  in stage XI. 

W i t h  s o m e  p r a c t i c e  o n e  c a n  b y  t h i s  m e t h o d  w i t h  
c e r t a i n t y  i d e n t i f y  s p e n t  f e m a l e s .  

Fig. 6. Spent female of Calnnus 
fzyp~rbore~rs. 

(Specimen from culture jar.) 



Eggs of Calanus fitamarchicus. 

The eggs of Calanus jinmzurc/zicus were descr~bed by G r o b b e n 
(1881) from cultivaterl specimens. He  gives (page 4) the following 
description whereby they can read~ly  be identifie~d in samples of plankton. 
,/Das Ei wir+d vou einer Hiille umgebe11, welche a n  der AussenflSche in 
~ a r t e ,  unregelmassig verlaufende ullcl verzwe~gte Le~s'ten erhobe~l ist. 
Die Leisten h51lge11 jedoch n ~ c h t  zusammen, sondern s ~ n d  urlterbrochen 
~ t n d  verlaufen s ~ c h  a n  ihren Ericlen allmahlig. Von der OberflRche be- 
sehen, iindet marl daher a m  ]El elne grosse h n z a h l  sich verlattfenden 
Linien, clie Kanten cler getla~lnten Leisten; in1 optischen Schnitt kleine 
Spitzchen, so dass das  Ei in dieser Anslcht wie m ~ t  Stache111 besetzt 
erscheini.<< 

G r o b b e n gives the size a s  0.17 mm d~ameier .  The eggs of 
Calnnlts fi~zr~lnrchicus examined by me have always bee11 smaller. In 
specimens fixed with formali11 the diameter was trsually 0.10. 111 a very 
few cases the diameter was 0.15. From Station 79 25,'O meters, on 
April 4th 1929 18 eggs were measure:I. In 17 cases the diameler was 
0.16 and in 1 case 0.15 rnm. From Station 18, 1922, 100150 meters, 
FIemming fixed material, the diameter it1 14 insta~lces was  0.15 and 
in 12 instances 0.16 mm. In the counting chamber the diameter was 
always measured a s  a c o ~ ~ t r o l  of rny determinat~ons. Ii was found in 
ihe great majority of cases to b~ 0.10 and  in a few cases 0.15 mm. 
Other size groups than these two, I have never observed. 

The eggs of Cnlanlrs frrz~~znrc/zicrrs are  probably colourless. In the 
eviducts of living females with sipe eggs ihey a re  colotrrless, and also 
In preserved material both before an:! after sl;aw~iing. This is not the 
case with the eggs of Ccrlanlrs /zyp~rborezrs where the colour 1s visible 
both in living fenlales and ~n specimens preserved In i o r n ~ a l i r ~  before 
sncl after laying. 

Eggs of Calanur Payperboreus. 

D a m a s (1905) an:{ D a m a s and K o e f o e cl (190'7) mention 
the fincling of eggs of Cnlarzrls /zyperDorerrs, The a~ l thors  do not give 
any description. 

O n  February 10th 1929, I collected at Drobalc in the Oslo Fjord 
a sample of adult females of Calanrrs /zyperboreas. The ani i~lals  were 
kept in a cultttre jar where the eggs were laid. 

The eggs of Cnlarzrts /zyperDoreus Iike the eggs of Calallrrs jilzmar- 
chicus are  surrotiilded by a thin membrarte. This membrane, unlike 
that foun l  in the other species, is smooth. (Fig. 7).  



Tab. 4 .  Measure~nents of eggs of Calrrizas h2ype1tiort.u~ preserved in 
lormalin from Lofoten 1929 and eggs laid in cultures, alive, 

or preserved in alcohol. 

- -- -- 

1 j Hundreih 119j2021222321/2526)272812930 31 3233 34 I,= 
n~itiimeter , i I I I I I  - 

Longest diameter . ' 67 1 Preserved in  
Shortest diameter. / Formal~n 

Shortest diameter. .  Alive eggs 

Preserved in  
Shortest diameter. . 

Tab. 2. Variation, standard deviation, arit~netric mean, its standard 
error and coeficient of variation for measurements of eggs of Calnnus 

1zyperbor.e~~ given in Tab. 1. 

Longest diameter . . 21-32 2.51 1 28 33 1_ 0.92 1 8.90 i i n  Formalin 
Silol-test diameter. .  19-30 2.47 i 25.85 9- 0.91 9 5 7 ,  

I , 
Longest diameter . . 21-34 2.52 27.01 i 1-45 9.30 Alive eggs 
Sl~ortest diameter. .  20-29 2.66 25.16 + 1.54 iO.40! 

I 
Longest diameter . . 22-27 1.28 1 24.65 -1 0.93 1 5.20 Alcol,ol 
Sl~ortest diameter. .  1 21- 26 1.46 23.52 & 1.03 ' 6.20 i I 

Tab. 3. Proportion between longest and shortest diameter for 
measurements of eggs of Cnlanits Izyyerboreus given in Tab. 1 

-- - -- -- -- - - - - 

OIo = 

Preserved in Forillalin 
Alive eggs . .  . . . . . . . . 
Preserved in Alcohol . 

- I I 



When laid, the eggs a re  often in groups of 2-6. This h a s  also 
been the case with eggs of the species in samples from the Lofoten area. 
In culture this grouping lasts for some hours anpd then the eggs fall 
away from each other. 

Unlike the eggs of Calanus finmarchicus the eggs in the oviducts 
of living females or in the oviducts of females freshly preserved in 
formalin a re  markedly orange coloured. They also retain this colour 
after spawning has  taken place1). 

Unlike the eggs of Calanus finnzaTchicus they show a marked 
variation in diameter. There is a variation both in different diameters 

Fig, 7. Three laid eggs of Calanus hyper- 
boreus in a group. (Specimen from "Johan 

Hjort" 1929, st. 79, 300-150 meter.) 

in the same egg, and in the diameters of different eggs. A s  this varia- 
iton appears  to be the best mark of identification for eggs of this species 
I will in the following give the measurements made of 1) living eggs 
from culture, 2) eggs fised in alcohol from culture, 3)  eggs fived in 
formalin from Lofoten 1929. 

Table 1 shows the measurements of eggs of Calanus hyperhordeus. 
In Tables 2 and  3 a r e  given the sizes ~alculate~d from these. It will 
appear  from the tables that there is a close agreement between the eggs 
taken from culture jars and the eggs found in samples from Lofoten 
in 1929. In addition to the agreement in the appearance of the  eggs, 
a n d  the circumstance that the eggs came from samples in which there 
were spawning females it must be regarded a s  proved beyond doubt 
that the eggs from the samples have been correctlji identified. 

One  pecularity of the eggs of Calanus /zyperhoreus is that they 
d o  not sink to the bottom of the samples, but float in the fixation liquid. 
It is thereby easy to prove whether they are  present even though it may 
be in small numbers. 



Stages I to VII of Gadanus hyperbareus. 
Stages I to VII will be found describad in Table 4. This table was 

prepared according to a scrheme used by 0 b e r g (1906) for Pseuclo- 
t alanus and Paracalanus. 

Fig. 8. Stage I I  of Calanus hyperboreus from the counting 
chamber showing the characteristic enormous limbs of the 

two first stages of both Calanus species, 

Fig. 9. Stage I of Calanr~s fzyperboreus Fig. 10. Stage I1 of Calanus 
with the limbs turned to the distal hyperboreus. 
portion in order to have the armature 

visible. 



Fig. 11. Stage 111 of Calanus hyperboreus. 

Fig. 12. Stage IV of Calanus-hyperboreus. 



Fig. 13. Stage V of Calanus hyperboreus. 



Fig. 14. Stage VI of Calanl~s hyperboreas. 



Fig. 15. Stage VII (copepodid stage I) of Calnnrls hj!/lerborells. 



Stage 

General 
Appearance 

Tumber of Segments 
in front of body 

lumberof Segments 
in hind end 

~ppendageat the free 
Segment 

~rrnature of the hind 
end 

(Furca) 

Vumber of sections 

, Section ("Whirl") 

11. Section ( 'Shaft") 

Coxopodite 

Basipodite 

Endopodite 

Exopodite 

Continued next page. 
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Tab. 4. Calantls hyperboreus Kriiyer and Galanus 

1 Short cylindrical Cylindrical , I same  as II  
No bristle No bristle 1 

Nauplius Stage I11 

-- 

Nauplius Stage i 

No Appendage 
(Hind end of body) 
- 

I 2 thin feelers 2 long thin feelers 

No bristle ( I )  1 With 3 conspicuous prominences 

Nauplius Stage I1 

-. 

Same as I1 

2 end hooks 
2 long thin feelers 
2 ventral hooks 

Short and ova1,hind 

I 
Lobe with longand Lobe wltii 3 biirtler Great lobe with 1 very 
1 s h o ~ t  bristle I 

Short and oval, hind Front of body ova1,hind 

i -- 

No bristle -1 No bristle I 1 

!ndsomewhatprotru- end more well protru- i end cylindrical segmen- 
ding from the body 1 ding from the body tallydevidedirom body 

- -1 
No bristle I No bristle 

I-- 3 4 

bristles ( the end ( the end 

2 
-- 
4 

_ _ _ -  
I 

2 prominences with 1 First prominecce wirh 1 
2 and 1 bristle. 1 bris-' 2 ~rominellces with eating and 2 small bris- 

6 (?) jointed, 7 jointed, 7 bristles 7 jointed, 9 bristles 
6 bristles 

i I 

tle at outer margin. 2 and I bristle tles second prominence 
I 1 bristle 
I-- 

-- 

Prominence with 1 I Prominencewith 1 (?) Prominence with 3 
bristle, 2 tern~inal bristle, 3 bristles at bristles, 4 bristles at 
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fiukmarchbcrss (Gunner) Scheme after Oberg (1906). 

Nauplius Stage IV  Nauplius Stage V Nauplius Stage VI Stage VII = Copepodid Stage I 

I 6 
/ as Shape and appendages mainly 
I 6 as the adult animals 

Body more elongated than in Pseudocalanus (See Oberg 
1906 Taf. I and my fig. 7, 8 and 9). Hind end bent 
dorso ventrally 

Same as I1 Maxilliped l STSwimming Fool 1 1 ST Swimming Foot 

Shape mainly as the a d u l t  
animals 

--- 

Same as I1 I Same as 11 Same as 11 
1 

2 end hooks 
2 long thin feelers 
4 ventral hooks 

3pairsof lateral hooks 

each with 1 bristle, No well marked segmentation I 

1 3 pairs of long brislies 
Same as 1 pair of short bristles 

I 1 pair of very sttort bristles 

Mainly as by the adult ani- 
mals with the 2 long sensory 
bristles which is characteristic 
for Calanus, 4 (3) bristles at  
the end joint. 10 jointed and 
17 bristles 

Lobe disappeared, 1 bristle left 

With 2 bristles 

First segment 1 bristle and 2 
thorns, terminal segment 11 
bristles 

Same as Ill, the eating 
hooks however rudi- 
mentary ~n C. I2yperbo- 
reus more than in C 
finmarclrrc~rs 

Same as IV, but 1 
bristle at outei mar- 

gin 

Prominence with 4 
bristles 5 terminal 
bristles 

- -- 

long bristle and 2 conspicuous eating hooks 

Same as IV, but 2 
bristles at the second ' Same as IV 
prominence i 

Same as 111 Same as 111 

7 jointed, 10 bristles 8 jointed, 10 bristles jointed, '*-I3 
bristles 

7 jointed, 1 ST Segment 1 bris- 
tle, 2ND 3,3RD 1,4TH !, 5TH 

I 
2,6 TH 1 and 4 terminal bristles 
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Tab. 4. Calanus hyperboreus Kroyer and Calanrcs 

4 

Lobe with 1 thorn Coxopodite t Process with 1 small 
bristle 

Lobe with 1 thorn 

1 Baripodite 

Exopodite 
1 

Great lobe with 2 
small bristles 

One prominence 
with bristle, 2 long 
and 1 short bristle at 
the end 

I 1 jointed, 5 bristles 

Great lobe with 2 
bristles 

2 prominences, 1 3 
bristles, 11 2 bristles, 
3 bristles at the end 

4 jointed, 5 bristles 

3 bristles 

3 prominences, I 4 
bristles, 11 2 bristles, 4 
bristles at the end 

4 jointed, 6 bristles 

I I 
1 Coxopodite 
I I 

Lobes beginning 
to show 

General 
Appearance 

I 

I 
I 

General 
Appearance 

X 

+- I General 

8 Appearance 

- - I I - I 
i 

.- 

2 .... 
E 1 Endopodite 

* 
Cn Exopodite ~ 
* I g i General 
ir, I Appearance 
.- 

---_I 

-- , .. . .  . - 

I 
E - .- I i 

v, 
Exopodite 

N i 



finmarchicus (Gunner) Scheme after Oberg (1906) (continued). 

Process elongated, 1 
toolhedand l small Same as ll 1 same as IV1 
bristle what rudimentary 

4 bristles 1 5 bristles 
i 

I 
/ 6 bristle 

Process conspicuous, toothed 

Elongated, 4 weak bristles 

Same as 111 ' Same as I11 Same as 111 

Same as HI 

5 jointed, 6 bristles 

I Lobe visible, but Lobe with 8 short  brist- 
lee, o n e  long  bris t le  a t  

without armature outer  margin 

at the end _ _____I___ - brlsties at  t he  end 1 - - ____I-._ 

2 (3 1) prominences, 3 prornlnences h i t h  3 , 2  

I (?) 5 bristles, 11 2 1 and b21sties 

Hardly visibie 1 -- 
I 

bristlern c /g,perboreus 
brist1esand4brist1es' strongly reduced, 4 

/ 2 lobes(?). 3 brirties ' 2 lobes(?), 3 bristles 
I 

2 jointed. First segment 4 
bristles, terminal segment 6 
bristles. 

Large lobe (gnathobase) with 10 
spiky bristles 
--- 
Lobtis extertzris I4 long bristles. 
L,e. 1I 1 bristle. L.it1terniz.s I and 
11 2 bristles each. 

Lobes beginning to 
show 

- 

Lobes wilh hairs 

With 3 bristles 

Developed with I1 
bristle-like ]looks 

One segmentwith 5 
bristle on the dorsal 1 Same as V,7 bristles / Same as VI 
margin I 

Mainly as by the adult animals 
21 or 22 very long bristles 

Lobes beginning to 1 
show 1 

Well developed, 
with hairs and I long 
and 1 short bristle 

Mainly a s  b y  the adult  animals  Protn- 
podite  with flrst s e ~ r n e n t  hardly v s ~ b l e  
and  n o  bristle, second segment  with 2 
prominences (each 2 bristles). First seg-  
ment  o f  endopodite  with 4 bi is l l rs ,  
second 1 and 7 a t  end segment .  (See fig. 
15 and Horradaile (1926 p 2111 

, Bilobed structure 
with 1100ks I -1 

Mainly as by the adult aninlais, 
only 2 segnlents 

7 bristles 

! I 2 hoolts 
I 4 thorns outsidea terminal blade 

I 1 and 3 bristles inside 
I 
j Same as 1 ST Swim- 
1 ming Foot 

Ssme as lSTSwimming Foot 

6 bristles 

3 hooks I 3 thorns outside, a terminal 1 blade and 3 bristles 



Metamorphosis of different limbs in Galanus: hy/lerbsreras. 
Stages VII-XII. 

A n t e n  n u 1 e (Fig. 15 a ,  Fig. 16 a, b and c) in stage VII 10 
jointed, in stage VIII 17 jointed and in stage I X  22 jointed. In  stage 
X 25 jointed a s  in adult animals. 

A n "I n n a (Fig. 15 b) in stage VII mainly a s  in adult animals. 
By the further metamorphosis the number of bristles on endapodite is 
enlarged. 

M a n d i b 1 e (Fig. 15 c, 17 a )  in stage VII mainly a s  in adult 
animals. By further metamorphosis the number of bristles a t  the terminal 
segment a r e  enlarged. 

M a x i 11 u 1 e (Fig. 17 b, 18 b) in stage VII mainly as in adult 
animals, the number of bristles are, however, in later stages greatly 
enlarged. In stage X I  the following bristles have been found: Coxo- 

I 

7 m"' 

Fig. 16 a, b and c .  Ante~lnule of Cnlaizlis hyperbore~~s 
stage VIII, IX and X. 



Fig. 17 a and b. a mandible and b maxillule of Calanus fzyperboreus 
stage VII 

Fig. 18 a and b .  n maxilla and b maxillule of Cnlnnils lryperboreus 
stage VIII. 



pociite: gnathobase with 12 spiky bristles, Basipoclite: proepipodite with 
9 long bristles, 2nd and  3rd exite each with 4 bristles and  metepipodite 
with 1 bristle, Etzdopcrrlite: 1st segment 2 l~rominences with 4 and 3 
bristles, 2nd segment with 10 bristles. Except for the 1st and 2nd 
exite, this is the same numbers a s  found by B o r r a d a i 1 e (1926 p. 209, 
pl. IX)  in a'dult animals, but somewhat different from S a r s (1903). 

M a x i 1 1 a (Fig. 18 a )  in stage VII mainly as in adult animals, 
in stage VIII the number of bristles like that in adult animals. 

M a x i 11 i p e d (Fig. 15 f) in stage VII mainly a s  in adult ani- 
mals. By further metamorphosis the number of joints and bristles in 
the endopodite a re  enlarged. Sars  (1903 PI. 11) has  draw11 the endo- 
podite as 5 jointed, but already in stage XI I have found 6 well 
marked segments. 

The swimming feet are always first visible a s  2 thorny lobes 
(Fig. 1 4 g  and h, Fig. 15 i). After the first moulting they appear a s  a 
>)biramouscc limb with coxopodite, basipo~dite, endopodite and exopo~lite. 
After the next moulting the exopodite and the enldopodite are  always 
2 jointed, and they remain 2 jointed, +he 1st and 2nd swimming feet 
through 3 moultings, the 3r1d swimming feet through 2 an4d the 4th 
through 1 moulting until stage XI is reached. They are  then all  simul- 
taneously 3 jointed. The exo~so~dite and end~po~dite  of the 5th swimming 
foot, which are  first visible in stage IX, is in stage XI 2 jointed, and 
a re  thus not fully develloped before the adult stage. 

Note on descriptions of Calanus hyperboreus male. 

N o r d g Z i  r d (1899) ha s  given the first description of Calanrts 
hyperboreus male. He  describes the last pedigerous segment with a 
rounded tip a s  in Calalzus finnzarchicus ( N o r d g 5 r d 1899 p. 21 ). 
S a r s (1903 p. 12 and  Pi. V) describes and draws the last pedigerous 
segment a s  similar in male and female. I11 the materials left from S a r s 
at the zoological museum in Oslo I have found one by S a r s determined 
male, but in this specimen the acute angle at the tip of the last pecli- 
gerous segment is failing. In my materials I have foun,d more tharl 
a hundred specimens of Calnrzus lzyperboreus male, including N o r d - 
g 5 r d's specimens, which all agree with N o r d g 2 r d's description. 
The determination of my specimeiis I should think is beyond any doubt 
a s  they have been found together with females with eggs and  females 
with spermatophores affixed to the genital segment. Also the measure- 
rr:ents of carapace a re  in agreement with this, the carapace being some- 
what smaller in the male, but very different from carapace in Calanus 
finnzarchicas. 



Variations in morphological charackters? 

For  investigation of morphological characters in Calanus hyper- 
boreus I have always used more than 10 specimens, in a few cases of 
CaZanus finmarchicus I have used a smaller number. If variations in 
the morphological characters were more common, they would in a quite 
natural way have explained the big differences which I have found 
between the different authors and  between the earlier publications and 
my own observations. In no case have I, however, been able to find 
any  variations. The number 011 segments and  the armature of the diffe- 
rent limbs seems to me to be very constant. In the antennule, however, 
the armature is sometimes very difficult to determine in formaline a n d  
alcoholpreserved specimens, and  the possibility of variations can ior this 
feature not be excluded. The  number of joints in the antennule once in my 
material proved to have a n  abnormal segmentation, segment number 
17 (reckoned from the end of the limb) being in one specimen of Calanus 
hyperboreus divided into 2 well marked segments. Cases like that is 
certainly, however, very rare. 

Determinabion of stages, 

S t a g e  I, N a u p l i u s .  Fig. 9. 
Stage I and I1 a r e  easily recognized from later stages by the hind 

end, which is not segmentated from the body, and by its 2 hind feelers 
which represent their whole armature. Stage I may be separated from 
stage I1 by means of the very short terminal segment of its an temule  
(Fig. 9 and  10). The 2 bristles a t  the endopodites of the antenna and  
the mandible a r e  also frequently visible, an,d are  also shorter than the 
corresponding 3 bristles X in stage 11. 

S t a g e  11, N a u p l i u s .  Fig. 8 and 10. 

Hind end more markedly protruding from body, a n d  hind feelers 
longer. Terminal segment of antennule longer and well marked from 
the >>whirl<<, carrying 4 terminal bristles, The 3 thin bristles a t  the 
>>whirl<< can often be seen without any preparation of the limb. The 3 
very long bristles of the endopodites of antenna and  mandible a r e  usu- 
ally visible. 

The two stages a r e  usually not to be separated in the counting cham- 
bers, they a re  therefore not separated in the greater part  of my tables. 

---  
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S t a g e  111, N a u p l i u s .  Fig. 41. 

Hind end segmentally divi.ded from boldy. Easily recognized by the 
2 bristles a t  the outer margin of the terminal segment of the antennule 
or by the 2 ventral hooks on furca. 

S t a g e  I V ,  N a u p l i u s .  Fig. 12. 

Usually well recognized by the unsegmentated and short hind end 
of body. The outer margin of the terminal segment of the antennule 
with 4 bristles, which are often visible. Sometimes the maxillule is visible 
a s  an  early biramous limb. 

S t a g e  V, N a u p l i u s .  Fig. 13. 

The two segments of hind end oif body easily seen behind the dorsal 
margin of carapace (Fig. 13). The outer margin of the terminal seg- 
ment of the antennule with 6 bristles. 

S t a g e  V I ,  N a u p l i u s .  Fig. 15. 

Hind end of boldy divided in 4 well marked segments 8 bristles a t  
the outer margin of the terminal segment of the antennule. Usually this 
stage Is easily recognized. 

S t a g e  V I I ,  C o p e p o d i d  s t a g e  I. Fig. 15. 

Seen dwsoventrally the 3 long bristles present a t  the caudal furca 
are easily seen. Laterally viewed the 3 long slnd thick bristles are easily 
detected and very characteristic. Shape of the antennule and of the 
dorsal margin of carapace also very characteristic. 

S t a g e  V I I I ,  C o p e p o d i d  s t a g e  11, 
Carapace a s  in stage V11, but somewhat more rounded. 

S t a g e s  V I I  - X I ,  C o p e p o d i d  s t a g e s  I - V. 
Are all easily determinated after the scheme of D a m a s (1905 p. 8) 

by the number of segments of furca and number of developed swimming 
feet. (Se also Stormer 1929 p. 5). 

The Life History of Calanus fPr~marchicus. 

An investigation of a considerable number of specimens of all stages 
of CuEarzus fit~mavclzicrts shows that the larval stages of this species 
agree in all details with Calatzus lzyperboreus. All1 the figures and 



tables here given of the morphological characters can thus a t  once be 
employed for the identification of the larval stages of both species. 
The .only morphological character which exhibits any difference is the 
bristles of the limbs which a re  shorter in proportion to the length of 
the limbs in Calanus hyperboreus than in Calanus finnzarchicus. In 
addition the reduction of the bristles on the coxopodite of the 2 antenna 
and  the endopodite of the mandible in Stage VI is more marked in 
Catanus hyperboreus than in Calanus finmarchicus. Neither oif these 
characters, however, is of any importance in the separation of the larval 
stages of the two species. The difference is far too insignificant, and 
neither of these characters a re  realdily accessible for investigation. 

Separation of the larval stages of the 2 Calanus species from the 
young stages of Pseudocalanus and Paracalanus. 

A s  will be seen from a comparison of 0 b e r g ' s  plan of the life 
history of Pseurlocalanus and Paracalanus ( 0 b e r g 1906 pages 48 
and  49), and my plan of the life history of the 2 Calanus species, even 
here readily accessible and distinct characters for the di,fferentiation of 
all  the stages are  not easily found. Stage I of the 2 Calanus species, 
however, is easily separated from Stage I of Pseudocalanus by the 
bristles a t  the hind part of the body. Pstuuclocalanus has  two thorn-like 
bristles, whilst the Calanus species have thin feelers. It is not known 
what the position is a s  regards Paracalanus since 0 b e r g did not 
find the early stages of this species. 

In Stage VI  the 2 Calanus species have 8 bristles on the outer 
margin of the terminal s~grncnt  of Lhe antennule, whilst Pseudocalanus 
and Paracalanus have 6 bristles. The characters here dealt with a re  
easily recognisable and should be capable of utilisation even in the coun- 
ting chamber. 

A number of other characters are  less distinct. A comparison with 
0 b e  r g's figures of the said species with my own of Calanus hyper- 
boreus will show that the early stages of Calanus are  more slender in 
form than the corresponding stages of Pseudocalanus and Pai'acalanus. 
The dorsal side of the terminal segment of the antennule a s  compared 
with the forms examined by 0 b e r g is more curved in the two Calanus 
species, which also have a broader terminal segment. 

The copepodi'd stages of the two Calanus species a r e  easily sepa- 
rated from al l  those described by 0 b e r g  by the two long censorg 
bristles, one on the antepentiltimate and one 011 the penultimate segment 
of the antennule, which are  such well-known characters of the adult 
( 'alanus. 



The  safest and  best method of separating the nauplius stages of 
Paracalanus from the nauplius stages of Pseudacalarzus and  also the 
:lauplius stages of these species from the nauplius stages of the two 
C'alanus species is, however, by measurement. Measurement of the spe- 
cies describsd by 0 b e r g show that they a r e  much smaller than the 
corresponding stages of Calanus. 

Separation of the nauplius stages of the two species of Calanus from 
the undescribed nauplius stages in samples of plankton. 

In samples of plankton from the Norwegian coast, especially in 
the spring, the nauplius stages of the two species of Calanus will occur 
together with a number o,f other copepod nauplii which have a s  yet 
not been described. The early stages of Calanus will then in the coun- 
ting chamber be easily mistaken for the later stages of other species 
which have far  smaller larval stages. (Microsetella, Oitlzorza, Acartirz 
etc.). The later stages of Calarzus will always be easily separated from 
these forms on accotirit of thelr size. The later slages of Calanus frequently 
occur together with other large copel~ods, the xauplii of which have not 
been described, for instance Metrirha and  Euchaeta. Even though these 
species do not occur in large numbers in the upper layers of water, i t  i s  
quite possible that their larval stages occur with the larval stages of 
species of Calanus. The first nauplius stage of Euchaeta I found by 
hatching them in culture. They a r e  egg-shaped and  noticeable by three 
extremely small pairs of limbs which a r e  situated a t  the front of the 
body. The nauplius stages of Metridia and  later stages of Euchaeta 
have not been definately identifie'd in the material dealt with by me. 
There always occur, however, in larger or smaller numbers, nauplius 
stages together with the nauplius stages of Calanus species, which in 
several respects differ from the Calanus species. The $differences a r e  
evident. (See Fig. 24e) ,  but in order to discover them the greatest 
eccuracy with regard to morphological details must be observed in the 
examination of each sample. 

It is always easy to determine the eggs of Calanus hyperboreus in 
lhe samples of plankton. The eggs of Calanrts finmarchicus, however, 
may be mistaken for eggs of other forms. Amongst these other copepods 
may come into consideration, but it is also conceivable that the eggs of 
a m p h i p ~ ~ d s  may be mistaken for eggs of Calanus finmarchicus. By using 
a slight magnificatio~i during the determination of these eggs, they may 
even be mistaken for globular a l g z  (Halosphaera). But in the cleter- 
mination of ihe eggs, just a s  in the determination of the larval stages, 
it will always be possible by using great accuracy to decide the doubtfitl 
cases which a r e  met with in the samples. 



CHAPTER JI. 

Measurements and method for counting. 

A s  previously mentioned, the larval stages of Cnlo/zlls jinmarchicii; 
and Calanus hyperborcus a r e  not distinguishable by plain morphological 
cilaracters. It is quiie possible, however, that they might be distinguished 
by the difference i11 size, which a t  least a s  regards the last three stages 
of ,developme~it is very striking. I t  will also be seen from my measure- 
ments of eggs of the two species that even a t  such a n  early stage of 
life a difference in size is easily ,discernable. 

It will be found, however, from the existing literature that iden- 
tification is riot so easy. Thus W i t h (1915) says: )>This species 
(Calnrzus /zyperbcreus) is in the three last stages easily clisti~iguished 
from iularzus jinmarchicus. But the disiinctiorl in the ea r l~cr  stages, in 
which the ,difference is only foun,rl in the size etc., may a s  p o i ~ i e d  o'ut 
by D a m s s and K o e f o e .d be very difficult if not impossible, espe- 
cially in the Polar Sea, where Calalzrts finnznrchicus attains a size of 
5 mms or more.<< S t o  r m e r (1929, Fig. 10 P. 28) also tried measu- 
rements ail-rl writes. >)We see from Fig. 10 that the two species carinot 
bc definitely distinguished by their size.(< 

R u u d (1929) takes another point of view (P.  7). )>I have not 
experienced any difficulty i11 separating the smaller stages of Cainrz~~s 
izyperborerts and jir~nlnrcfzicrrs from each other because the difference 
in size in the More district is too striki~lg.<( As wili appear from my 
tables there is no 'differe~ice of importatice in this respect between More 
and  Lofoten. In neither case did I succeed in separating all  the you~rg 
stages of the two sp'ecies without special methods of measureme~it diffe- 
ring from those empl~ye~c! by D a rn a s and K o e f o e d (1907j, W i t h 
(1915) and S t o  r m e r (1929). Even after finishing this worli it is not 
possible for me to see the difference in size of all the larval stages of 
the two species. The sxbjective estimate which I have used before making 
a deterinination of the co~itents of a sample as  to which of the larval 
stages are  11res~eilt has  often provecl to be correct, btlt often to be erro- 
rreorrs and misleadi~ig. I therefore consider it .desirable to warn against 
a cletermination of the larval stages of these species exclusively by a 
subjective estimate, without checking this estimate by means of frequelltly 
repeated certain melhods. 

At te~npts  were ma,de by LV i t n (1915) and S t o r m e r (1929) to 
determine the larval stages of the two species by r~ieasuring the toial 
lengths of the nauplii or the length of the cephalothoras of the copepo~clids. 



It is known from anthtopometry that the varlotls pa i t s  of t l~t :  
skeleton of a mammal, when measuring a large number of individ~~als ,  
show a d~ffei-ence In variation. Thus the pertferal par ts  of a skeleton 
show a mole marked variation than the celitral parts. Similar co~lditions 
have also been founcl tn the invest~gatioii of races of h e r r ~ n g .  

In my attempt to fliid better methods of d e t e r m ~ n ~ n g  the larvLd 
stages of the two species C a ~ n n u s  lzyperbnuens and Cnlnntls fznnzurclzzcrts, 
~t was therefore natural lo take several n i e a s u r e ~ e n t s  froin different isarts 
of the body, and to evanilne whether there could be found climens~ons 
which varier1 less than those used by W I t h and S t o r 111 e r and whlch 
could thus form the basis of a more certain distinctloll of the larval 
stages by aid of nieasurements, 

Technique of the Measurement Method. 

For the first measuren~ents there were empioye:l samples from the 
:\Relgicacc 1905 station 47 20,O meters where D a n1 2 s :uld I< o e f o e ci 
(1901) reisortecl nauplii of Cninl7us hyper6orerts in hi-gc cjua~itilies. 

A large number of nauplii of Calnnt~s  were sorted out. They were 
stained with Bismark brown (vesnvin) about 1 O/o 111 30 O / o  of alcohol. 
They were then slowly transferrecl to increasifrg concet~trat~orss of gly- 
cerlne In alcohol and placed upon an  cbject glass where the last part  
of the alcohol (about 50 ('10) was evaporated. The iiaul3lii were the11 
turned 111 order to get a sideway vlew. (The antennulae and often also 
the other limbs must then in many cases be carefullj7 belit in towards 
the body by the aid of needles). In the cotlrse of this work care must 
be taken so that the borly is not squaezed and loses ~ t s  nc?tural bencl, 
(A photograph of a preparation w ~ l l  be found in Fig. 24). 

Thc specimens were then measurecl both a s  to !ength of body and 
of carapace. (See Fig. 19 a ) .  As cover glasses were not used, it w a s  
also e~aminecl whether variations in the amount of glycerine arouncl 
the animals with changes 111 refraction cou18cl alter the result. It was  
stateci that such changes could not be found. In measuring the closest 
possible sorting was employed. Specimens with the least indication of 
irregular contours which might mean disturbarlces duri:lg preservation 
or preparation were 110t measured. Specimens In which the anterior 
2nd posterior parts of th: body or the carapace were not adjusted near 
the same pos~tion of the micro~neter screw were also not measured, 
Thes: precautions proved to be absolutely necessary. \JC1 i t h o u t a 
c l o s e  s o r t i n g  o f  t h e  s p e c i m e n s ,  o n e  a t  o n c e  g e t s  
r e p r e s e n t e c f  l e n g t h  g r o u p s ,  b o t h  l a r g e r  an .c l  s m a l -  



l e r  t h a n  t h e  a v e r a g e ,  w h i c h  c a n  b e  a v o i d e d .  Neither 
car] there be any doubt that these length groups a re  artificially produced. 

A similar method was  employed in the case of copepodids. (Fig. 
19 b). Here the use of glycerine preparations and staining a re  advan- 
tageous, in any case a s  regards the first stages. A s  regards the last 
4 stages staining and  glycerine a re  unnecessary. A s  a rule it is sufficient 
to transfer them to 70 O / o  of alcohol. Then a t  least during the first time 

Fig. 19. Method of measuring nauplius 
and copepodid stages. 

until the osmotic tension in and outside the chitin is equalized one gets 
very finely distended specimens. 

All transfers from alcohol to glycerine must be niade slowly. The 
methoad employeld, e. g.  for nematodes, viz. transfer to 5 of glycerine and  
then evaporation in a thermostat, in order to remove the alcohol, will 
iri the case ol' nauplii lead to marked shrinkage. It is recommended to 
allow them to remain for 1 hour in about 70 O i o  of alcohol to which 
glycerine is  gradually added. 

A m i n i m ~ ~ m  of shrinkage will, however, always prevail. In any 
case I a m  inclined to attribute small variations which in measuring 
specimens from a series of samples from Lofoteil 1929 appeared simul- 
taneously and uniformly in both species to this phenomenon. This was 
most evi'dent in the copepodids when from one and the same sample 
were measured, both specimens which ha,d been treated with glycerine 
and those which had not. The following table gives examples of the 
degrees of these small variations which a re  probably due to deficient 
technical methods. The group of specimens marked >>Stained I<< contains 



specimens from several groups. The groups marked >>Stained II<< and  
>>Unstained<< a r e  from the same sample, Station 135 2510 meters. I t  
will be seen that in one case the variations even exceed the standard 
error of the arithmetical mean. 

I I I ! ! 
I I 

45-50 47,33+0,84 1,29 2,72 21 1 Stained 1 
49,29$0,67 1,03 2,10 21 ' Stained I1 
50,93+0,74 1,34 2,64 Unstained 

45-53 1 49,40+0,69 1,96 1 3,97 72 30 Total - 
Var. gives the greatest and least values observed in a hundred 

par ts  of a millsmeter. M. is  the arithmetical mean, I IZ .  the standard 
t r ror  of the arithmetical mean, G the staildard deviation and v the 
coeflicient of variation. 111 samples where ~laupl i i  and early stages of 
copepodids occur together with large quantities of plant planliton 
the outsorted specimens must first be claimed. They a r e  suddenly trans- 
ferred from 70 O/o of alcohol to water. The powerful ctirreilts which 
then occur around them will free the bodies and limbs from the plant 
plankton which othel-wise renders the morphological characters less 
visible. A l l  r n e a s u r e m e i l t s h a v e  b e e n  r a i s e d  t o  t h e  n e a -  
r e s t  f i g u r e  t o  t h e  r i g h t  o f  t h e  s c a l e .  T h u s  i f  47 i s  
g i v e n  a s  t h e  m e a s u r e m e n t ,  t h i s  m e a n s ,  t h a t  t h e  
l e n g t h  o f  t h e  a n i m a l  w a s  e q t r a l  t o  o r  l e s s  t h a n  47, 
b u t  d i s t i n c t l y  g r e a t e r  t h a n  4 6 .  I n  a l l  c a s e s  o f  d o u b t  
( h e  m e a s u r e n ~ e n t s  h a v e  b e e n  i n c r e a s e d .  

Results of the measurements from the "Belgica" 1905, St. 47. 

The results of the measuremeilts of the total lengths of the tlauplii 
a n d  the length of the cephalothoraxl) of the copepodids are  shown in 
Table 6. The specimens referred to have for the last ihree stages in 
this table from their morl~hological characters been assigned to Calarz~ts 
hyperboreus. The measureme~lts for Calnnus fi~zmarc/zicus in these stages 
2re shown in Table 7. Table 8 gives a survey of the actual range, 

l) According to C l a u s  (1863), O b e r g  (1906) and Kraeff t  (1910) the three first 
stages of copepodids (VII-IX) have a urosome of one segment. The anterior 
segment of almost the same diatneter thus belongs to the cepl~alothorax but is not 
included in the measurenlents given by me for the cephalothorax. 



Tab. 6. Variable? and frequencies by nieasuring the total lengih oi nauplii and cephalothorax of copepodid 
stages of 273 specimciis of CaLanus hyperboleus from "Belgica" 1905, St. 47, 2010 ineter. 

. - - - -.-- - -- -- - - - -p-p- - -- - -- -- 
l l 

Skage 

1 A lenili of a millimeter 

X11 

1 A tenih of a millimeter. 

602:18/:~1:61j 
10 1 1 5 , 1 2 1 1 0 1 7 3 1 !  / 



Tab. 7.  Measurements of  cephalothorax of 139 specimens of Cnlanr~s  
Ji/zmarchicus from "Belgica" 1905, St. 47 2010 meter. 

A tenth of a millimeter 

- 

Tab. 8. Variation (var.), standard deviation (z), arithmetic mean (M), 
its standard error (3 m) and coeficient of variation by measurements of 
total length o f  nauplii and length of cephalothorax of copepodid stages 
from "Belgica", St. 47 2010 tneter. Ch = Caln t~ t~s  Iyperboreas, Cf -_ 

Cnlufrrrs fifzmarchicrrs. 

Stirge and species 

IV Ch 40- 55 1 47.27 1 3 8 

. . . . . . . . . . . .  IX C h . .  

. . . . . . . . . . . . . .  X Ch 

aritl~inetical mean, standard deviation, three times the standard error 
of arithmetical mean and the coefficient of variation calculated on the 
basis of the class frequencies founcl in Tables 6 and 7. 

The results of measuring the Carapace of specimeris from the same 
sample a re  show11 in Table 14 A. (This table gives a survey of the 
variants found and of the frequency of all  the individuals in stages 
111-XI1 upoil which these investigatio~~s a re  based). A survey of these 



Tab. 9. Measurelnents of carapace from '"elgica" St. 47. (See also 
Tab. 8). 

Stage and species , n = ~ Var. 1 M k 3 m  , v =  
I i I 

1V Ch . . . . . . . . . . . . . .  

v CI1 . . . . . . . . . . . . . .  

VI C h . .  . . . . . . . . . . . .  

VII C h . .  . . . . . . . . . .  

VIII C13 . . . . . . . . . . . .  

IX Ch . . . . . . . . . . . .  

measurements of the carapace a i d  of the dime~isions calculated from 
them will be found in Table 9. 

It will already be see11 from Tables 6 ant1 8 that the measuremetlts 
found for the total lertgtli of the cephalothorax show a marked variatiotl. 
Thus the various stages cannot be determined by measuretnents alone. 
The morphologica! characters must be uti1ise:l. 

Table 9 sho~vs a s  a main result that the stages according to this 
~ncthod of measurement can be determined without reference to the 
merphological characters. In addition we see in the earlier stages that 
the coefficient of variation is decidedly more favourable iil measuremenls 
of the carapace than in rneasureinetlts of the iota1 length. 

In the tables the measurements found have already been referred 
tc the two species. This determination will be disctlssed when measu- 
leme~lts from other places a r e  given. 



Measurements of Calanus hyperboreus and 
Calanus finmarchicus from Romsdal Fjord St. I. 108 2010 1927 

(Ruud 1929). 

The sample was selected and kindly placed at  my disposal by m r,  
R u u cl, who thought that possibly there were present nauplii of Calarzrrs 
kyperboreus. The results of this measuring have already been recorded 
by R u u d (1929) and  a r e  strengthened by his report on the statiollary 
stock of Calanus lzyperboveus in Romsdal Fjorcl and on its breeding 
conditions. 

The sample contained adult specimens and colnepodids of the Ihree 
last and easily #determinable stages of Calanus firznzarclzicus and Calarztts 
lzy perboreus. 

The variants found by measureme~lts a re  given in Table 14 B. ,4 

Tab. 10. Measuremerlts of carapace from "Moriid" 1927 St. F, 108, 
20/0 meter. (See also Tab. 8). 

I 
Stage i i ~ ~ d  species ( n = / Var. I h I k 3 r n  1 5 = = + 1  v =  

i 
! I I 

I '  Cf. .  . . . . . . . . .  t 98 38- 13 4067 & 0.32 1.07 2.63 
"I Ci1 . . . . . . . . . . .  1 18 47- 52 i 4883 0.51 1 1.26 2.59 

. . . . . . . . . . . . .  
i 

C i . .  32 ! 75- 85 1 78.53 & 1.58 2.86 1 3.64 
IX C ~ I  . . , . , . , . . , . . , . 11 110-120 1 114.54 & 2.86 2.96 2.59 

,,,, C f . .  . . . . . . . . . . .  1 30 57- 62 5959 i 0.66 
Ch . . . . . . . . . . . . . .  1 23 

80- 90 82.83 & 1.80 

. . . . . . . . . . . . . .  
1 

C f  30 99-105 9725 i 1.86 
C h .  . . . . . . . . . . . .  1 4  150-160 152.21 i 3.27 

1.18 242  
2.88 3.51 

. . . . . . . . . . . . .  
XI1 

C f . .  37 110-150 127.80 + 4.55 9.25 1 7.25 
C . . . . . . . . . .  1 6 1 210-210 1 22500 5 12.40 10.10 4.49 - I 



survey of variation, arith~lletrc inean, standard d e v ~ a t ~ o i ~ ,  3 times the 
arrthmet~c mean and the coeff~c~eilts of var~atlon will be found glven rn 
Table 10 

Neither In t h ~ s  s ~ m p l e  rior in the sample froin the ))Belg~ca(<, 1905, 
were ea~l ie r  stages than 111, present. 

Measurements of Calanus hyperboreus and 
Calanus finmarchicus from Lofoten, Spring 1922 and 1929. 

From the ))Corona'scc cruise 1922 and the >> Johan Hjortc( cruise 
1929 there exist a number of samples in which there are  eggs, ~lauplii 

Tab. 11. Variables and frequencies by measurements of total lengths 
of Calarzlls hyye~.bor.eus and Calarzlts firznzarclzicrts stage I and I1 from 

"Corona" 1922 and "Johan Hjort" 1923 and 1929. 

Stage Specimens from 

I / "Jahan Hjort" 1 1923 St. 69, 11 
I I og 72 . . . . . . .  

A hundreth of a millimeter. 

Tab. 12. Measurements of carapace from "Corona" 1922. 
(See also Tab. 8). 

-- 

I I 1 
Stage a-d  species / n = 1 V l i  A1 :3m C, = -i - , V =  I 
Cf . . . . . . . . . . . . .  56 22-27 25.36 1 0 47 1 1 18 I 4 6 7  

I11 CII . . . . . . . . . . . . . .  8 30-31 I 31,38,1 .29  1.22 3.88 

. . . . . . . . . . . . . .  
VI 

Cf I 38 
Cb . . . . . . . . . . . . . .  I 20 

. . . . . . . . . . . . . .  
VII 

Cf / 1 5  
Ch . . . . . . . . . . . .  5'1 

I 
VIIl Cf . . . . . . . . . . . . . .  1 15 

Ch . . . . . . . . . . . . . .  I 12 



Tab. 13, Measurements of total length of stages I and I1 and carapace 
of later stages from "Johan Hjort" 1929. (See also Tab. 8). 

Stage and species. n = I Var. ~ k 3 m  / 5 = 2  V =  
I 

- 
I 

I 
Cf . . . . . . . . . . . . . .  64 21- 26 23.44 1 0.42 111 / 4.75 

'I1 C l i  . . . . . . . . . . .  j 66 1 28- 33 1 29 88 1 C.10 1.07 1 3.58 

ancl copelsodids of Cnlarzrcs. In Chapter V there will be found a further 
account of the distribution of these various groups within the area  during 
the period investigated. The measurements of eggs have already been 
discussect in Chapter I. From a number of these samples measurements 
have also been made of nauplii ancl copepodids. A survey of the measu- 
rements found is given in Tables 11, 12, 13 and 14. Tab!e 11 gives the 
variables and frequency of the two stages I and 11. 

Cf . . . . . . . . . . . . .  / 73 
VII C h . .  . . . . . . . . . . . .  / 129 

45- 53 49.40 2 0.69 1.96 3.97 
56- 64 ; 60.07 j 0.49 1.86 1 3.11 

I i 



Tab. 14. Variables and frecluericies foutrd by measuririg carapace of 2719 specimens of Calarzus Izyperboreus and  
Calatz~~s filzmar-chicus i i i  the stages 111--XII. The following sainples have been used: A "Belgica" 1905 St 47, B 
"Morild" St. F, 108 1927, C "Coroiia" 1922 (several samples) and D "Johail Hjort" 1929 (several samples). The 
variables are given in  l )  a hundreth oi a millimeter, 2) 5 huiidreths of a millimeter, 3) a tenth of a millimeter. 
111 a few cases individuals measured in a teilth o1 a milliii~eter have been marked in the colun~tis for 5 hundreths 

of a millimeter. This is iiidicated by a -. 



1 A liundret11 of a millimeter A tenth of a millinleter 

Stage n - A hundret11 of a millimeter 

V11 C 95 
D 202 

1 
A / 22 

1 4 )  5 . 6  7 8 9 5 0 1  1 2  3 4 5671 9 1 6 0  61 71 8 9 7 0 7 5 1 8 0 8 5 9 0 9 3 ; - -  

l 2 1 0  

' 2 7 ' 7  3 2 

1 
7 1 0 1 0  3 

VI11 B 53 11 11 1 
C 27 l 1 1  1 , 6  3 2 0 0 1  9 3 
D 65 1 2 6  3 

2 1 2 14116 4 
I i l 

7 

5 
l i  9 

8 1 I l 0 1 6  
3 

l i  

3 

1 
1 1 2 7 1 0  9 8 1 8  4 1 
7 4 4 8 15 23 26 17 251 9 2 

' 1  



Results sf the measurements made and the determination 
of species by measurement. 

In Tables 6-14 a n  account IS glven of 3284 measurements oi the 
12 different stages of development of CaLnrzus f~nmzurcl~~cas ancl Cnla~zzrs 
hyl~erDortrrs. The m a t c ~ l a l  for stages I and I1 1s 153 ~ ~ l d ~ v l d u a l s  anci 
for the 3 last stages determ~nable accord~ng to r n o ~ p l ~ o l o g ~ c a l  characters, 
X, XI and XI1 the rnaterlal 1s also not r~ch ly  represenled. For tile 
other stages 111-IX the matella1 ~ n u s t  certa~nly be character~sed a s  
adequate 

It w111 be seen for the watets ~nvestlgate:l and ihe per~ods  of 
lnvestigat~on that by nleasttrlng car-apace of the two Cninnrrs species 

for each stage ~t 1s poss~ble to show distinct groups of rnd~v~dua ls .  
In ench stage we find a q ~ o u p  of ~ n d ~ v ~ d u a l s  which 1s noticeable by the 
h ~ g h  f ~ g u r e  101 the length of carapace, and another group whicll 1s 

notrceable by the low frgure for the length of carapace. We o b t a ~ n  the 
best survey of these cond~tlons ~ i l  tile compr:hens~ve table (No. 14) 
In t h ~ s  table we i ~ n d  111 28 cases the two ~ I O U ~ ~ S  completely sepa~atecl 
by t h e ~ r  length. 111 2 cases (Stage IV C and Stage V D) we flnd a 
1na1 kedly two-topped curve wlthout ~nterval  between the two pal ts. 

A p r e l r ~ n ~ t ~ a r y  corlslderat~on renders ~t probable that tile larval 
stages of the largest group represent larval stages of the largest specles 
Cr/lunrls Izyperborerts and that the larval stages of the sr~ialler group 
s e p r e s e ~ ~ t  larval stages of the smaller specles Calal~rrs jtrzmtorclzic~rr. 

The specimens from the >>Bel,a~cacc 1905 came from a n  area  wl-rere 
ihls evpecl~t~o~l  ( D a In a s & K o e f o e d 1907) founrl males, females 
w:th eggs in the ovr.?ucts of Cnlnlzlts Izypnrborcus, and a  lumber of 
Ins\ al stages of Culunrrs. D a m a s a~icl I< o e f o e d referred the eggs 
: ~ n d  the larval stages to Colantrs hyperjorerrs, w111ch of course IS very 
i~robable, slnce a t  the same t ~ m e  t h e ~ e  were not fo:trid any slgns, that 
11 spawnrlig of Culurzrrs ~ir7i~zurchicns had talien place, while c e r l a ~ ~ l  
s ~ g r ~ s  were found showirlg that spawning of CnLntzus Izyperboreils took 
piace d u r ~ n g  the per10:1 of collecting. 111 Fig. 20 wlll be found a 
gl-aphrcal representat~on of the varlants slid frequency by rneasurenlellts 
of carapace of larval stages from those waters. It will be seen how 
each of the morpholog~cally determined stages shows a n  even curve for 
the length found. The last three stages were deterrnl~lecl morpho!ogi- 
cally as Cnlnrzris liyperboreus and tne f ~ g u r e  clearly shows how by the 
;ccld~t~ort of the rneasureme~lts fout~cf for the 1,irval stages we obtaln a 
fine serles of curves w ~ i h  a regular 111crease ~n length for each maul- 



Fig. 20. Graphical representation of the variables and frequencies found by measure- 
ment of larval stages of Cnlnnus finttznrchicrts and Calnr71rs hj~l~erhorclrs from 
"Belgica" 1905, st. 47, and "Nlorild" 1927, st. F. 108. The measurements are made 

in tenths of a millimeter. The observations are give11 in table 14. 

titlg.') The acldilioli of the rneasurelnertts found for the larval stages 
lo tl-iose for the 3 deterrnil~e~d stages of Calnnrts finmzarr/zicus cannot be 
roade a s  will appear from Fig. 20. Stage X o Calnnus jin/~zarc/zicrrs 
is of course far smaller than Stage X, of tlie larval stages ineasurecl here. 

In Fig. IS ther'e is also given a graphic representatjon of variables 
and frequency of the specimens lneasured from Roms8:lal Fjor,d ex the 
>Morild<t 1927. Specimeils of 'the larger group a re  liere attaclled !o 
specirnerls of determinable stages of Cniarzus /zyperDorerts. Individuals 
01 the smaller group belong to >deter~ninable stages of Calnrzrrs filznzar- 
cl~ictrs. We see that the larval stages of the group of larger speci~nens 
agree very well with the meastlre~nents found from the >)Belgica<< 1905. 
A t  the same time a series of curves is also formed showing a regular 
increase in length for each moulting. In a corresponding manner we 
have for the smaller group curves with a regular increase in length for 

I) Regarding the regular increase iu length at change of shell in crustaceails 
reference is made to B r o o k s  (j836) arid S k o g s b e r g  (1920). No analysis of this 
regularity has been made oE the material here sttbmitted. 



Fig. 21. Graphical representation of the increase in length of carapace of Calani~s 
fzyperboreus and Calanus finmarchicas from "Belgica" 1905, st. 47, and "Morild" 
1927, st. F, 108. The drawn graph represent Calanus fzyperborel~s from East 
Greenland, the dotted graph Calar~lls fzyperborel~s from Msre. The abscissa shows 
the stage determined morphologically, the ordinate the length in tenths of a millimeter. 
The middle line in each graph gives the arithmetric mean (Tab. 9 and 10 m), the one 
each side the standard error (3 m). There was only one specimen of stage XI in 

the samples from Mme. The length of this specimen is indicated by +. 



each mo~llt lng which can readily be coni~ected with the curves for the 
determinable stages of Calarlus finmarcfzicus. Any other arrangement 
of the measurements found in regular series, is not possible. 

Fig. 21 shows the mean values and their standard error in the 
measurements of larval stages of the two Caln~zrrs species from the 
>>Belgica<< 1905 and the >>Morild<( 1927. We see how the g raphs  for 
the groups of the largest individuals in the earlier stages completely 
coincide a s  far a s  concerns East Greenland and the Roms@dal Fjord. 
In Stage IX  and in the further stages we find a difference which lies 
outside the standard error, increasing outwards towards the adult stage. 
The graph  for the group of smaller individuals forms a growth curve 
which in main features reminds one of the growth curve for the larger 
individuals, and which h a s  its direct continuation in the graph for the 
determinable stages of Cnlanrts finmarclzicus. It appears  perhaps most 
clearly from Fig. 19 how impossible it is to classify the measurements 
found and  the dimensions calculated therefrom in any other system 
where, with each moulting, there taltes place a n  increase in length. 

The  graphical representations in Figs 20 and 21 also show two other 
phenomena which will here be referred to briefly. 

Calatzus fztztnarlfz~crts shows in the later stages a inarked variation 
In length from More atld to a n  even greater degree from East Gleen- 
land. The great variation of this species in Arctic waters has  been 
investigated and described by S t o  r m e r (1929 13. 6-10). 

The specimens of Calnnlts /zyperbureus measured in this last cope- 
pocl1-J staqes from East Greenland show a much greater length than 
corresl~onrling specimens from the Romsdal Fjorci. This 1eat~:re wiil be 
$he silbject of a subsequent publication. (See also S o m  m e, 1929 a ) .  

Both phenomena here mentioned a re  a result of the dominating 
influence of temperature upon the increase in length a t  each moulting, 
but the congruenty which one finds in the lengths of earlier stages in 
Tables 8-14 show that the two phenomena does not make thmselves  
~ioticeable untll later stages, and that the differeilces increase towards 
the adult  stage. In the earlier stages there is no disti~lct difference 
noticeable. These phenomena will in consequence not be of any impor- 
tance for the question of the determination of the earlier stages of the 
species by measurement. 

Combined, the ineasurements from East Gree~lland arlci Romsdal 
Fjord, strongly indicates that it has  been possiblc to identify the two 
groups of individuals in each st-age to each of the Iwo species Cnlanus 
firznlarchicus and Cnlafzlts Izyperbnreus. An analysis of tbe geographical 
distribution of spawning and  the breading season, however, wiil 
afford a still better basis for a ccmplete decislon of the question. The 



lnvest~gation a t  Lofoterl whlch w ~ i l  be reported In the last chapter of 
the present work show that from the occurrence of females with eggs 
in the oviducts, males, and !n the case of Calalzus fzyperboreus also 
spent females, we can obtain a definite pict~lre of the spacvnrrlg of the 
two species, and  its arrangement in space and time. It will be seen 
that the spawnlrlg of Calanrrs hyperOorezts IS practically flnishecl at 
the moment when a co1lslc1erabIe spawnlng of Caiarzus jinl~lnrcfz~~rrs 
takes place. It will also be seen that the spawning of Calanus lzyper- 
Doreus is restricted to the inner par t  of the fjord, whilst spawning of 
Calarzrts jirzmarcfzicrrs to a great extent also extends over the banks in 
the outer par ts  of the fjord. A s  will be seen from Tables 17-22 and 
Figures 32 and 33 individuals of the grea-ter length grotlps prevail 
during the period when Cnla~zus lzyperboreus h a s  finished spawning 
whilst spawning of the other species h a s  not yet commenced. Their 
greatest occurrence is shown to be in the inner par t  of the fjord where 
Calanus lzyperboreus spawns. Later 011, when spawning of Calanus 
firz~~znrclzicus begins, indiviciuals of the smaller length for each stage 
appear successively In the satnples, atid individuals of the larger groups 
a r e  superseded more and more, a s  by degrees the smaller group preclo- 
minates in numbers. T h e s e f a c t s p e r m i t t h e c o n c 1 u s 1 o n 
t h a t  i t  m u s t  b e  r e g a r - d e d  a s  a d e q u a t e l y  p r o v e c i  t h a t  
b y  m e a s u r e m e n t s  o f  t h e  c a r a p a c e  o f  t h e  e a r l i e r  s t a -  
g e s  o f  t h e  t w o  C n l a n t l s  s p e c l e s  w e  c a n  d e t e r m i n e  
t h e m  a s  b e l o n g i n g  e i t h e r  t o  C n i n t z l ~ s  l z y p e r h o r e u s  
o r  t o  C a l n r z r ~ s  f i r z n z a r c f l i c ~ c s .  

The reasons why measurements of carapace are better suited for 
determination of species than nleaslrre~nents of the total length o r  of 

cephalothorax. 

Table 6 shows that by measuring total length of natrplii and 
cephalothoras orle o b t ~ i n s  a very larqe variation, so that dilfcrent 
morphological determine,tl stages have cammoll lenglh groups. Table 14 
~ h o w s  that this cloes not ;~pply to rrreasuremerlts of carapace. A cotn- 
parison of th'e coefficients of variation given in Table and Table 10 
shows that the earlier stages, by the first mentioned metho'd of measlt- 
rements, a re  characterize~l by high coefficie~lts of variatiot~, an,d by the 
latter 117etho:I low coefficients of variation. No complete artaljrsis of the 
causes oF this phenomenon was made. W e  wotil,d only point oul here 
some of the factors that certainly play a part  in this connection. 

Iil investigating tlie nauplii of ihe two Caia17ns species it is soon 
noticeable that the body of the v a r i o ~ s  i~~divicl~lals  is often more or less 



bent. It is t h t ~ s  evident that in measuring the anterior par t  where there 
a re  no joints, it is possible to avoid the variations which a re  directly 
due to the curve of the body. 

B r i n k m a n 11 (1926) has  made some very interesting histologicai 
investigatio~ls of the posterior par t  of the bojdy of ii~dividuals of 
Paguriciae, which hacl been more or less well fed. He proved a consi- 
derabie differellce according to the distension of the poste~ior  part  of the 
body. It is very probable that similar conditions co~ltribute towards 

Fig. 22. The hind part of carapace with the follo~ving segtnents 
of two specimens of Colanlls /?j~perboreu.s stage V .  

increasing the variation of copepod nauplii when measuring the total 
iength. 

Fig. 22 represents the hind par t  of the carapace of two natiplii of 
Cnlanus lzypcrboreus stage V with the two following segments (Incli- 
vicluals from the >)Be!gicacc 1905). Both specimens h a s  the same lenglh 
of carapace (0.44 mm). As will be seen, specimen a is more greatly 
distended than specimen O. If we measure to the hind part  of the first 
free segment, the two specimens show a difference in !ength of 0.05 Inm. 
This gives at1 increase in the degree of variation for the two observations 
of 11.4 Olo .  If a p h e i ~ o m e n o ~ ~  like the one drawn in Fig. 22 shows 
alteratioils in the individual which can take place during a certain 
stage, it will also give a n  inci-ease,d variation for the population whet1 
measuri~lg the total length. The stated illdividaal difference in rlauplii 
h a s  freqtlently been observed and  shows all  stages of transition. 

0 b e r g (1906) shows that there is a growth of the h i i d  part  of 
the body in the earlier stages of Pseac~ocalnizrrs. Observation of the 
hind par t  of the body of stage I11 of ~ laup l ius  shows a s  a clear and 
distinct phenomenon that there may be a great difference from individual! 
to individual in the appearance ancl form of the h i i d  part  of the body. 
I t  may be relatively short and thick, or it may be more or less elongated 



and  thin. This applies to both species of Calanus. It must therefole 
also be assumed that we have here the possibility of a factor which 
wou1,d contribute towards the degree of variation for a population when 
measuring the total length. 

Fig. 23 represents the hind par t  of 2 specimens of Calanrts hypcr-  
Oore~~s stage X from the ))Corona(< 1922, St. 47 0.m. Both specimens 
had the same length of carapace but it will be seen that the length of 
the hind part  of cephalothoras and  abdomen in one sl~ecimen is consi- 

Fig. 23. T11e hind part of the body O F  two specimens of 
Calanrrs hyperboreus stage X from ''Corona'' 1922. 

derably shortened. The body of the shorter specimen was less distended 
and a t  the same time more flexible and  soft than iil normal individuals. 
Similar cases have been obser\red several times, and may be more or 
less rnarke'd. The phenomenon, however, must be regarded a s  rare in 
a stage a s  late a s  X. It  is very probable that srlch individuals a r e  those 
which a short time before fixation u~lderwent moulting. We have also 
here possibly a factor which in the copepodit stages will occasion varia- 
tions in length characteristic of the individual i11 question, but not 
characteristic of the length groups of a population. 

If we ask the general question a s  to which measurements in crusta- 
ceans, where the part  between the segments consists of thin and  not 
firmly ullitecl par ts  of skin (Euphausides, e. g .  have of course the 
various segments connected by clisti~lctly permanent jointsj, give the 
most favourable and jowest coefficient of variation, we must reply that 
in measurements of the size of the body in Calarlt~s species it is deci- 
dedly most advantageous to measure parts in which there a re  no segments. 



Quantitative Determinations of all Biological Groups of the 
Two Species in the Samples. 

I t  w a s  shown ~ I I  Chapter I how by exact examination it is possible 
to identify the larval stages of the two species of Colanus and to deter- 
mine to what stage they belong. The results of the measurements made 
show that when the stage has  been determined the species of the indi- 
vldual can be determined by measurement of carapace. 

In order to get evact determinatioil of genus and a n  exact deter- 

Fig. 24. Photograph of a preparation from "Corona" 1922. 
a, b and c are of Cnlanlrs ir,yperborer~s stage IV ,  d of Cnlanlzs 

finntnrclzicus stage l V ,  e an u n k n o w ~ ~  nauplius. 

mination of stage, the individuals should be sorted out and stained in 
accordance with the method given on Page 5 1. If the measurements shall 
be sufficie~ltly accurate for a separation of the two species, it is neces- 
sary, a s  already described, for the individual to lie in a favourable 
position so that the front and  hind par ts  of carapace a re  a t  the same 
tlme sharply adjusted by the micrometer screw. 

I have not succeeded in finding any other way of identifying the 
s;;ecies with certainty. Quantitative determinztion thus usually requires 
scrting, and in any case special preparation of a considerable number 
of specimens. Fig. 24 shows a photograph of such a preparation. 
a, b and c a r e  nauplii of Calanus hyperboreus stage IV and  cl i s  a 
nauplius of Calanz~s fi~znrarchictls stage IV. The difference in size in 
this case where all  a re  of the same stage will be evident without measu- 
rement, but it will not give certainty, and even after great practice I 
have been inistaken when using a s~bject ive estimate for individuals of 
different species but of the same stage laying side by side. As  a rule we 
have many different stages side by side, and then, even though the pre- 



paration may be good, every such cleterm~nat~on w ~ l l  be vague and  ttncer- 
tain. Fig. 24 e shows all undescr~bed n~aulslius which when prepared is 
clearly characterised by the great distance between the various brushes 
on furca. A s  will be seen, the limbs a r e  also smaller than those in the 
correspondiilg stages 01 Cala~zus, In addition they show characteristic 
differences from Calnnzls nauplii. None of these characters, however, 
a r e  easily seen in the counting chamber. 

With the knowledge now a t  our disposal we can only arrive a t  a 
certain iclentification of the larval stages of the two species by prepa- 
rations anti ~neastlrerne~lts. Thereby one obt,iins the relative proportion 
of the individuals in the samples. The total number can be deternlined 
collectiv=ly by counting in the counting chamber, and if necessary by 
correction for nauplii which ,do not belong to CnLnnus and which are  
errotleously ~ncluded 111 the counting. 

The variotts biological groups of the two species a re  so different 
that they must be treated v i th  specific methods. Only in samples where 
large numbers of the later stages were prtseni have the quantity of 
these been determined by counting a representative salnl~le and  bv 
weighing ihe whole sample and  the counted part  in accordance with 
H j o r t's and R u u d's method. (H j o r t and R u u d 1927). For the 
quaniitative determination of the earlier stages there were employed 
two counting chambers, one of 1 ccm and the other of 5 ccm. The 1 
ccin chamber will a s  a rule give reliable values for eggs and  nauplii, 
t1-t.: 5 ccm count~ng c h a m b ~ r  was  partly used fcr counting t laupl~i  xhell 
the smaller one does not give a sufficient number, but mainly for the 
quantitative determination of copepc~dicls. Representation samples for 
the counting chalnbers were taken w ~ t h  graduated pipettes after vigorous 
shalting of the samples. C o u n t i ~ ~ g  of the whole area of the counting 
chamber was  always made. 

In sorting out individuals for measurement one must remember that 
it is of importance to obtain a quantitative sorting of the par t  of the 
sample which is to be examined. Individuals countej in the counting 
chambers were preferably used. ?bey have often bcen supplemsilted bv 
sortings from flat dish where all inclividuals of the two species a r e  
sorted out in a prescribed area.  

The following sche~ne is found practical for the analysis of the 
various samples: 

1. The saml~le  is  inspectecl in order to see whether there a re  eggs of 
Calantls hyperborezls present, floating in ihe liquid abovc the precipitaie. 

2. The sample is poured iilto a dish where the nulllber of Calanus 
hyperbweus and Calantts fi~zr~zarchicus, adults and stages XI and  X is 
determined by total counting. 
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3. The liquid volume of the sample 1s measitrecl, decanted or dilu- 
ted to the nearest 101) or 5 0  ccms. The sample is poured back a n d  
shaken. 1 ccm is then taken out for counti~lg under the counting chamber. 

4. The nunber  of eggs of Calanus filz~?zarc/zicus counted and each 
egg  checked by high power maqn~ficatiort and measurement. 

5. The number of Calanr~s nzuplii I and I1 is counted and  meas![- 
tement made direct. 

6. The number of iiauplii of Calarzrrs 111-VI is counted. 
7. The number of copepodids of Calnrlus is counted. LVc first count 

the total number and then the number of each stage. 
8. A sample of 5 ccms is taken out for counting ill a larger coun- 

ting chamber if the first sample d e s  sot  give a representative selection 
of one or several groups. 

9. Samples of the nauplii stages 111-VI ancl the first copelrodid 
stages a re  taken for staining and measurement. The relative composition 
of the iwo species and of stages is determined. 

10. The total ntlmber of both species of all  stages in the sample is 
determined. 

The followir~g two evarnples a re  given for a further illustration of 
:his method of analysis: 

E x a m p l e  1. 

Station 75) 2510 meters, net 8/42, 4'4 1929. 
1. Eggs not present. 
2. Calanus lzyperbore~rs: 17 females, 16 stage XI, Calunus finmar- 

chicus: 39 females 4 XI. Generative organs: Cnlurzrts hyperboreus: 
Spent females, Cula~zrts finm7archicus: A rlumber of females with eggs 
111 different stages of growth. 

3. Volu~ne of the sample 50 ccms. 1 ccni taken. 
4. 18 eggs of Calurzzts finnlarchicrts. 
5. Stages I and I I  not present. (Subsequent sortiiig from the 

sample showed that these stages of both species were present in minute 
quantities). 

6. 147 naulrlii of stages 111-VI. 
7. Copepodids not present. 
8. Ut~necessary. 
9. Catnrztrs firzrnarc/zicus: Stage I11 2 specimens, IV 3, Vi I .  

Calanzrs Izyperboreus: Stage 111 4, IV 33, V 66, VI 2. 

10. Estimated total number per 100 meters: 

Calnnus finnzarchicirs: 156 females, eggs 3600, 111 530, IV '795 and 
VI 265, total 5190. 



Calanus /zyperboreus: 68 females, 111 1030, IV 8750, V 17 500, 
VI  530, total 27 810. 

Number determined: Calanus finmarchicus 24, Calanus hyperbopeus 
105, (Tota! sum and  number determined a re  only given for the new 
generation). 

E x a m p l e  2. 

Station 135, 2510 meters, net 8/72, 2914 1929. 
1. Eggs  not present. 
2. Calanus finnzarchicrts 1 male and  1 female. 
3. Volume of sample 50 ccms, 1 ccm taken. 
4. 23 eggs of Calarzus firzmarc/zicus. 
5. 4 nauplii of stages 1 and II, 
6. 136 nauplii of stages 111-VI. 
7. Total 109 copepodids 51 stage VII, 23 VIII, 23 IX,  10 X 

and 2 XI. 
8, Unnecessarj7. 
9. Calanus finmarchicus: Stage I11 4 specimens, IV 12, V 14, 

VI 29, VII 32, VIII 37, I X  65, X 55.') Calanus l7yperboreus: V 1 spe- 
cimen, VI 2, VII 2 (IX observed in a non-representative sample). 

10. Total estimated number per 100 meters: 

Calanus fitznzarchicus: Eggs: 23 X 50 X 4 = 46W, I and  I1 : 800, 
111 1760, IV 5280, V 6160, V I  12 760, VII 9600, VIII 4600, IX 4600, 
X 20W, XI 400, total 38 160. 

Calarrus J7yperDoreus: V 440, VI 880, VII 600, IX 10, total 1930. 
Number determined: Clilanus firzrzarchictrs 272, Calantts hyper- 

bureus 7.  

Checking the methods employed. 

By analysing the same sample several times the n~ethoeds were 
iepeatedly checked. In no single case where many individuals were 
present in the samples h a s  the difference excede'd 10 O/o.  'The error of 
the methods is therefore negligible in proportion to the differences which 
a r e  taken into account in the geographical part  of this work. 

I )  In the case of the last three stages unusually many were here measured. 



SPECIAL PART 11. 

Biology and Distribution of Calntzus finmaf-clzicz/s and 
Cnla?zus hyperboreus in Norwegian Coast Waters. 

CHAPTER 111. 

Some Observations on the Biology Calanus hyperhoreus 
from different Parts of the Norwegian Coast. 

A s  mentioned previously, I have in acidition to the investigations 
from Lofoten reported in the present work, undertaken investigations 
uS Catanus hyperboreus of a more special nature. Some of the results 
of these investigations a r e  finished and  a r e  of interest for a n  under- 
standing of the distribution of the species in the Lofoten area. A short 
account will therefore be given of these results. 

Remarks on the Distribution of Larval and Adult Stages and the 
Longevity of Males and Females. 

R u u d (1929 p. 50) found in 1927, 1118 a considerable number 
of females of Cnlnnus hyperboreus in the Roms~dal Fjord. In a sample 
taken a t  the same place on 2116 no females were found, only later cope- 
podid stages. O n  this basis R u u d naturally raises the question whether 
the development of individuals from the spawning of the same spring 
had not a s  early a s  11/8 developed so far that the females would spawn 
in the same autumn. 

From the cruise of the ))Johan Hjort<< along the coast of North 
Norway, 1923, 1 had the opportunity of examining a large number of 
sa~llples from the months June and  July, in some cases these samples 
were from the coastal banks, in others from the fjorlds. These samples 
show that the composition of the stages of Calarzus lzyperboreus a t  that 
time of the year is  subject to great variations. T h u s  females are  often 
present in large numbers, in other cases they are  lacking, whilst the  
copepodit stages X and XI  a re  well represented. The same appears  



from the samples which I ha'd a n  opportunity of collecting in the Oslo 
Fjord a t  Drobak In the montl-ts of July and  August, 1926 and 1928. 
These materials thus when combined show that the composition of stages 
in the summer rnontl-ts along the coast of Norway is  subject to very great 
a n d  apparently chance variations. It is therefore very probable that 
the phenomenon clescribect by R u u ct on the basis of very few samples 
is solely clue to these variations. 

It nppra rs  frcrn my investigations both from the L ~ f o t e n  area  and 
from other par ts  of the coast that the best sign of a coming or existing 
spawning of Caluiz~~s fzyperDorer~s is the presence of females with eggs 
in the oviducts. O n  ihe one hand there are  a number of samples con- 
taining f m a i e s  with eggs f r o n ~  the months of January and  February, 
in a few cases also March al-t'd April. ( In  the Lofotetl area  in the years 
1899 and 1900, NordgAr8ds material), 1924 a n d  1929 (the a~t ihor 's  
material), from the Oslo Fjorcl 1929, (the author's material). F r o ~ x  
January and  February females wiih eggs have occurred in a l l  the 
representative samples which have been available. O n  the other hand 
there a re  a number of sa~nples  from spring, summer and autumn which 
in a l l  cases lack females with eggs in Ihe oviducts. A 1 t o g e t h e r 
t h e  e x i s t i n g  m a t e r i a l s  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  
o c c u r r e n c e  o f  f e m a l e s  w i t h  e g g s  i n  t h e  o v i d u c t s  
p r o v e  t h a t  s p a w n i n g  o f  C a I a r z a s  l z y p e r b o r e r ~ s  a l o n g  
t h e  c o a s t  o f  N o r v i a y  n o r m a l l y  o n l y  o c c u r s  i n  t h e  
m o n t h s  o f  F e b r u a r y  a n d   march f o r  t h e  b u l k  o f  t h e  
s t o c k ,  i n  a d c t i t i o n  t o  w h i c h  t h e r e  i s  a d e l a y e d  s p a w -  
~ i n g  o f  a b o u t  ! 010 o f  t h e  s t o c k  i n  t h e  d e p t h s  o f  t h e  
f j o v c l  i n  A p r i l .  (See p. 116). 

This conclusion is  further confirmeci by the followi~lg circumstances: 
Males a re  very com~nonly found in January and February, excep- 

tionally in December, March ancl a t  the latest April 4th, otherwise 
not a t  all. 

Earlier larval stages than X of the species are only found in 
March and April. 

O n  meas~renient,  the species shows no typlcal seasonal dimorphism 
like that fotlnd by R u u d (1929) in the case of Calarzus fitznznuclzicus, 
A cl l e r and J e s 11 e r s e n (1920) in the case of several species off the 
Danish coast, and also by a series of investigations of fresh-water clado- 
ceri, in aI! cases in species with several spawning periods a year. 

Since Caianus lzyperborens h a s  s u c l ~  a short perioci of spawning 
per year, the next questions that arise a r e  the following: 



1. H o w  i s  t h e  n e w  g e r - i e r a t i o n  d e v e l o p e c t  f r o m  
s p a w n i n g  a n d  w h e n  d o  t h e  i n d i v i d u a l s  a t t a i n  t h e  
s t a g e  o f  a d u l t  m a l e s a n d  f e m a l e s ?  

2. H o w  l o n g  cio m a l e s  o f  t h e  o l d  g e n e r a t i o n  l i v e  
211ld h o w  l o n g  d o  f e m a l e s  l i v e  a f t e r  s p a w n i n g ?  

In the cons~deration of these two questions it is of the greatest 
importance a s  regards fernales to have a method which can decide ciirect 
whether the individual in question h a s  spawned or not. 

In order to examine whether a n  easily accessible n~ethod euisteld, 
I started with females w1tl-r unripe eggs in the oviducts collectecl in the 

Fig. 25.  Mortality among 13 spent females oE 
Cnlnrilis /ry/~rrborrrrs ill a culture jar 1929. 

Oslo Fjor'd a t  Drobak 1012, 1929. Abcut 70 females from one catch 
(see Table I j ) ,  were transported to the laboratory in Oslo and in the 
course of the next 3 weeks or so they spawned. 

In females which had undoubtedly spawned no easily recogi~isable 
changes were found either i11 the o\i,?ry or the genital segment. The 
oviducts on the o t h ~ i  hand shortly after spawning proved to be very 
mucli swollen by alimentary cells an:l connective tissue, which to some 
evtent receded a t  first, bttt the ovic!uct still re~nained very thick. (See 
clescril~t~on 011 I?. 28 og aiid Fig. O) .  

AII invesiigation of the longievity of females after spawning in 
water with about 26 "I,,,, salinity ancl temperature 0" and practically 
speaking completely clarlc is show11 in Fig. 25. The last i~ldividual in a 
culture wit11 these conciitions lived until the 218. It then died accidentally. 

An investigation was  the11 macle in the esisting material a s  to which 
periods of the year this group of females with swolle~l oviducts occur 
along the Norwegian coast. It appeared that all  the females which 
were caugM in the Lofoten area  in March-April, 1922 and 1929 be- 
longed to this group, and  likewise the females which were caught in the 
summer months June and  July, some irom the Oslo Fjord a t  Drobak 



1926 and 1928, and others from the coast of Norlh Norway, 1923. 
With great generosity R u u d placed his samples from 1118, 1927 from 
the Romsdal Fjord a t  my disposal, and  it was  found that the females 
in the samples had swollen oviducts. 

The  next step was  to investigate the females which were collected 
just before the period when the development of eggs begins, a s  to whether 
they also ha3d swollen oviducts. The available materials was that of the 
females mentionepd in Tables 15 and 16, and also a number of females 
from N o r d g ,!i r d s material, January 1899, from the Lofoten district. 
In this material females with swollen oviducts were lacking. 

Before the period of spawning we find virginial females with ovi- 
ducts which in the last copepodid stage a r e  only visible a very thin 
string. After the period of spawning we find females which have spaw- 
ned with slightly visible, swollen oviducts. The first group w a s  a t  
D r ~ b a k  first observed on 4\11 1929 (see Table 15) in one specimen, 
and a considerable number on 1911 and  1012 1930. Along the North 
a n d  West Coast 253 specimens were caught in the days 7112-15112, 
but in very small quantities in proportion to the large number of larval 
stages caught a t  the same time. (Se Table 16). Some specimens were 
also found in N o r d g % r d 's  material. 

The material therefore permits of the following conclusions: 
T h e  n e w  g e n e r a t i o n  f r o m  s p r i n g  s p a w n i n g  t h u s  

d e v e l o p  f e m a l e s  a s  e a r l y  a s  i n  N o v e m b e r ,  b u t  n o t  
i n  c o n s i d e r a b l e  n u m b e r s  u n t i l  a f t e r  t h e  m i d d l e  o f  
D e c e m b e r .  A f t e r  s p a w n i n g  t h e  f e m a l e s  c o n t i n u e  t o  
i i v e  i n  a n y  c a s e  u n t i l  1 1 1 8  a n d  t h e y  f o r m  a v e r y  
c o m m o n  g r o u p  i n  s u m m e 1  p l a n k t o n .  I n  N o v e m b e r  
a n d  D e c e m b e r  f e m a l e s  w h i c h  h a v e  s p a w n e d  a r e  n o t  
f o u n d .  

The  reason for the great variation in the distribution of the stages 
in the summer months in Norwegian coasial waters may possibly be 
found in the following conditions. A s  shown during the following discus- 
cion of the conditions in the Lofoten area  there occurs just after spaw- 
ning a partial separation of the old a n d  the new generations because 
they a r e  differently vertical distributeid. In hauls from the summer 
months we may therefore find: 1)  Practically only individuals of the 
old generation, 2)  exclusively individuals of the new generation, 3 )  a 
mixture of the old and new generations. In case 1 we find large num- 
bers of females which have spawned e. g .  R u u d9s  sample from 1118, 
in case 2 no females e. g .  R u u d's sample from 2116, and in case 3 
varying numbers of females which have spawned a s  in my samples 
from North Norway 1923 and Dr0bak 1926 and 1929. 



With the exception of single specimens, 414 1929 (Table 17)) males 
a r e  not found after the period of spawning, and they a re  never found 
~ m o n g s t  the individuals which take par t  in or have taken par t  in the 
qearly vertical migration. In the Oslo Fjord a t  D r ~ b a k  they were first 
caught 1911 1929, and in material from other par ts  of the coast in 9 
specimens, 15/12 1928 in the Romsdal Fjord (see Table 15). Large 

Tab. 15. Numbers of Calallzts hyperboreus in standardhauls near 
Drsbak  with net 8/72 along the  bottom at 200-225 meters July 17. 

1928 to February 2. 1929. 

Correction 1 I 
Stages 

Stat on 1 Date 1 for dimtion I-- 
Total 

of k~aul X IX XI1 9 Xi1 d I 

~iumbers  of males were caught by N o r d g % r d 912 1899 i11 Ofoten 
Fjord and 6 2 of the same year in Tranodypet (see 11. 90), and by 
ihe present author 1911 and 1012, 1929 a t  Drobak. The lack of them 
in material collected later on shows a short longev~tji. Towards the 
end of the time when females with eggs in the oviducts are found, 
that is to say just before spawning, they are already founcl to he 
present in very small numbers. T h u s  in a sample from the Ofoten 
Fjord 18 2 1924 (see 13. 27). Table 15 shows 19'1 275 males per 100 
females, exactly like F a r r a n (1927) who found males i11 excess in 
Cnlaizus jiizmzarchiceu in January off the Irish Coast. 1012 on the other 
hand shows in Table 16 only 7.8 males per 100 females. 

T h e  t o t a l  m a t e r i a l  o f  t h e  o c c u r r e n c e  o f  m a l e s  
s h o w s  t h a t  t h e y  o n l y  e x c e p t i o n a l l y  o c c u r  o u t s i d e  
t h e  p e r i o d  1 5 / 1 2 - 1 5 1 2 )  b u t  w i t h i n  t h a t  p e r i o d  e v e n  
a s h o r t  t i m e  w i t h  a s u r p l u s  o v e r  t h e  n u m b e r  o f  
f e m a l e s .  T h e i r  n o r m a l  l e n g t h  o f  l i f e  c a n  t h u s  n o t  
e x c e e d  2 m o n t h s .  a n d  i f  d u r i n g  t h e  p e r i o d  1 5 / 1 2  a n c l  
1 5 1 2  t h e r e  i s a  s t e a d y  f o r m a t i o n  a n d  d e a t h  o f  m a l e s ,  
t h e  i e n g t h  o f  l i f e  o f  e a c h  i t i d i v i c l u a l  i s  o n l y  a f r a c -  
t i o n  o f  t w o  m o n t h s .  



I have only in one case ~uccee~ded in keep~ilg a male in culture. 
From Table 15 it will be seen that of 22 males caught 1012 1929, 21 
were dead or dying already when the samples were sorted out whilst 
all the females (291) were very lively. One male, however, was compara- 
tively active; it was sorted out and  placed under -1.5" and in darkness 
for some hours whereby it was evidently quickened. It s ~ ~ r v i v e ~ d  transport 
by motor-car to the laboratol-y in Oslo anc! lived there for 13 days utlder 
0 "  a11.d in darkness. 

Some Remarks on Stage Distribution in Arctic Regions. 

A rlunlber of writers, inter alia G i e s b r e c h t (1893), M r a 7 e c 
(1902), W i t h  (1915) and S a r s (1900, 1925 etc.), do not report the 
discovery of Cnlnrzrls lzyperboreus male in Arctic regions. Certain other 
w r ~ t e r s  state that they have found a few specimens Personally I have 
had a n  opportunitj: of examining a large quantity of ~ n a t e r ~ a l  isom 
Arctic reglons, e. g .  that from the >)Belgica<< 1905, the material which 
is kept in the Zoological Museum in Oslo ( includ~ng the >>Framer 1893 
-96) and in Copenl~agen (including the >)Ingolf<< atid Mroyer's East 
Greenland Eupedit~on) and the Danish >>Godthaab{c expeclitiori 1928 
tc D a v ~ s  Strait and Baffin's Bay with samples from May 24th to October 
10th. The distribution of stages in the Arctic Regions will be further 
discusseld in a coming publication, b t ~ t  twc or three mail1 results may 
perhaps be of interest here. 

Females which have spawned cornprise the bulk of Lhe individuals 
caught In the summer months in the Arctic regions. A lack of females 
with n o r m a l eggs in the oviclucts (pathological pictures a re  not rare) 
d ~ l r i n g  the time when the samples were collectecf shows that normally, - 
spawning does not take place In the summer months. i h e  stage com- 
position of the new generation shows that most often spawning must 
have taken place very early in the year, buth with a considerable diffe- 
tence in time in regions situated far to the north and more to the south, 
and also In regions covered with ice and those not covered with ice. 
(Compare Danias and Kozfoei 1907). A4ales a r e  extremely rare. From 
the )>Godthaab Eupedi t ion~ 1928, where the material was very abundant 
(during my examination there were sorted out and measured 4926 
specimens, the total number of i~lcJividuals evamined considerable excee. 
ding ten iimes that number), there was only found 1 male, in spite of 
the consiclerable time usecl for the collecfion and the very varying regioas 
from which it came. 

Saillples from the Polar Sea show :I considerable difference lrom 
these of other Arctic regio:ls ivlaterial colIecteld between Allarch and 



August shows in all  cases the presence oi llumerotls females with eggs 
in t l l ~  ovid~icts, but never males. It i s  also striking that in no case were 
the eggs in the later periods of growth. 

Observations of the Spawning of Galanus hyperboreus 
in Culture Jars. 

A 11~1mber of observations made in 1929 of spawning animals will 
bc of interest for the investigations of the Lofoten area  a ~ d  a re  therefore 
~ncludecl here. At the same time I feel bound to draw attention to the 
following: 1) At  the time when the evperiments were made my experi- 
ences regarding the biology of the species had not a very solid foun- 
dation. The experiments therefore a r e  of a more occasional nature, 
s n d  a r e  not specially designed to give a n  answer to questions which 
have arisen during the ecological investigations. 2)  111 the winter of 
192811929 the species was very numerous i11 South Norway, but since 
then II h a s  practically been lacking and therefore I have not been in a 
positio~l to! repeat the experimeilts on a larger scale. 

T h e  e x p e r i m e n t s m u s t  t h e r e f o r e  n o t  b e  a s s i g r ~ e d  
a g r e a t e r  v a l u e  t h a n  t h a t  w h i c h  t h e y  m a y  h a v e  f o r  
f u r t h e r  a n d  m a r e  t h o r o d g h  s t u d i e s  o f  t h e  q u e s t i o n s  
r a i s e d .  

The approvimately 70 living females ready to spawn whlch have 
already bee11 discc~ssed, frorn the Oslo Fjord a t  Drobak, 1012 1929, were 
during the titne they were not stlbjected to observation kept a t  a tempe- 
la turc  of 0" in complete darkness. Unfortunately it was unavordable 
that to a certain extent the anlrnals were exposed to light while the 
sample were hauled up, sorted, transporteld ancl so on. It was  found, 
t~owei~er ,  that the animal9 during the treatment to which they were 
subjected were not greatly influencecl by rniliett factors slimulating spaw- 
ning, because not until the 14/2 was any spawning observed in the main 
culture jar, aed  after that date only a few eggs were observed floating 
in the culture without any of the females showing a marked decrease 
in the number of eggs in the oviclucts. I n t h e c o LI r s e o f e u p e r i - 
r r i e n t s  w i t h  s p a w n i n g  a t  v a r i o u s  t e m p e r a t u r e s ,  
s p a w i l i n g  w a s  o b s e r v e c l  a t  -1O.5 a n d  +7".5 C a n c l  
a l s o  a t  a number o f  ~ n t e r v e n i n g  l e m p e r a t u r e s .  No 
e s p e r i m e ~ ~ t s  were made a t  temperatures higher or lower than the limits 
here given. 

When a female had laid a considerable number ol' eggs in a culture 
jar and it was not a t  once isolated from them, the number of eggs 
floating in the c ~ i l t ~ t r e  dilninished very rapidly. Even if this was not 



abserved directly, it must be assumed that a female eats her ow11 new- 
laicl eggs. W e  cannot therefore in the case of thls species determine 
the total number of eggs of a female by counting the eggs which a re  
laicl when it is spent. (There is even a question whether we car1 venture 
to regard G r o b b e n's (1851) determination of the number of eggs in 
Calanrts finnzarchiccts according to this method a s  reliable). The num- 
ber of eggs which a re  laid in a prescribed period cannot be used for 
determi~ling the rate with which spawni~ lg  takes place. 

A s  will appear from the observations in the Lofote~z area  and  from 
Drobak a large nuinber of females of the over-wintered stock arrive ai 
full spawning capacity without traceable spawnlng taking place a very 
long time before the vertical migration and perlod of spawning. On 
the other hand it is striking to find in the Lofoten area  how the actual 
period of spaw~l i~zg  is very short (see p. 117). In ihese circumsta~zces 
it is quite conceivable that environment is of very great importance for 
the rate with which spawning takes place. Are the environment factors 
to which the animals a re  exposed before the period of spawning so 
unfavottrable that the animals only spawn very slowly or do not spawn 
a t  all, in spite of the fact that fertilisation has  taken place and the eggs 
have passed through the period of growth? Are the factors to which 
the animals a re  exposed during the period of spa~vnitlg very favourable 
so that they spawn their eggs in the cours: of a very short time? 

In this connection it is of interest that all  the 70 females or so 
which were used during the experiments could be brought to spawn. 
Certain females with all the eggs fully grown were able to spawn all 
the eggs on one side, and keep the eggs on the other for a longer or 
shorter period. A s  a rule, however, spawning proceeded equally on 
both sides. Someilmes females whlch spawned with great rapi:iiig kept 
one or two eggs left in one or in both ovidt~cts, and lor clays they could 
not be brought to f~ilish their spawning. Specially interesting were J 

few individuals who had both fully grown eggs and  eggs In the period 
of growth in their oviducts. It appeared that they could be made to 
spawn their fully grown eggs, but they retained those eqgs which were 
still in the period of growth. 

T h e s e  o b s e r v a t i o i l s  s e e m  t o  a l l o w  t l i e  c o n c l u s -  
i o n  t h a t  f e m a l e s  w h i c h  h a v e  o v e r - w i n t e r e d  a r e  
q u i t e  r e a d y  t o  s p a w n  b e f o r e  t h e  v e r t i c a l  m i g r a t i o n  
e v e n  t h o u g h  s p a w n i n g  d o e s  n o t  t a k e  p l a c e .  

There is, however, another cluestion which is more difficult to solve 
from the existing observations, viz. ~ v h a t  factors a re  favourable and  what 
a re  unfavourable for spawning. A s  far  a s  my evperiences a re  concerned 
there is a striking difference between the vitality of the animals in various 



environments. Aiter a stay for some time rn darkness the animals a r e  
dull and  sluggish, they do  not for ~nstance react if we lt~lock on the 
glass  with a hard  object. After staying for sollle time in a subdued 
light their liveliness itlcreases. They swim actively around In the culture 
jars and strorigly react against all  disturbances such a s  knocking a t  
Lhe glass  wall or stirring the culture. I n t h e c a s e s w h e r e 
s i s a w r i i n g  w a s  o b s e r v e d  i t  w a s  a l w a y s  i n  l i v e l y  
i n d i v i d u a l s .  

It i s  very difficult, however, to measure the quantities of eggs laid 
by the a~ l imals  in a certain period. A s  already mentioned, counti~lg of 
:he eggs can not be used. The best method appears  to be a n  examinatior~ 
of the oviducts of each illdividual before and after the experiment, but 
even here we a r e  <debarred from obtaining reliable values, since of course 
it is qulte collceivable that Any disturbance of the animals will influence 
the result. At the same time we can always easily decide whether a 
certain individual has  lsractically speaking all  its eggs left, whether it 
has  spawrled opportinuately $5, $2 or % of its quantity of eggs. 
These observations may then be supplemented by ,d~rect observations of 
the mlumber of eggs laid during the experiineilt before the fernale in 
question h a s  had a n  opportunity of eating them. 

Some details of the experiments will be given: 13 2 a culture which 
had remalned for 48 hours a t  0" G in darkness was ev~sosed to subdued 
day light. The individuals had not spawned before the experiment. After 
the culture had been exposed from 13 to 14 o'clock several individuals 
started spawning. At 14 o'clock the temperature had risen to 5".  Slsaw- 
rilng contil~ued until the experiment was stopped a t  16 o'clock, the tem- 
perature still being 5". Noile of the individuals had laid a large number 
of eggs, the speed of spawning was comparatially low. 

14,2 more experiments was carried out. 
A culture jar containing 3 individuals was  a t  0 °  during 5 l ~ o u r s  

exposed to subdued daylight a s  during the evperiment the previous day. 
After about one hours exposure the indivicluals had started spawning, 
and a s  the experiment was stopped, one female showed a decided decrease 
in number of eggs, the two other animals hacl spawned from 1.1:-12 of 
lheir number of eggs. The rate of spawning was comparatively low. 

Another culture jar contaiiliilg 3 females was  a t  0"  exposed to the 
light lrom a h~tndrecl rtllits electric bulb a t  a distance of 1 meter for 2 
hours. One female had then spawned noticeable quantities and the two 
others had spawned the wliole cltra~ltiiy of eggs present in their oviducts 
The rate of spawning during this exper ime~~t  was in consequence 
very high. 

A culture jar cot-taining 3 females was during half an hour placed 



tinder the same conditions a s  In the previous experrment and  the spawning 
began freely in two of them. Then the culture was exposesd to sunlight 
outside the laboratory and temperatures from 0"-1 O . 5  during two hours. 
7 he spawning was under these conditions immediately interrupted. When 
brought back again to the previous conditions two of the females stlcces- 
sively again started spawnlng but a t  the beginning a t  very low rate. 
After 22 hours the two remales had spawned the majority of their eggs. 
One female had not spawned noticeable quantities and was not before 
some days afterwards brought to spawn a t  high rates. 

By experiments rel~eate~d later 011 indivicluals which had been kept 
under 0" and in darkness for a considerable time, were exposed to 0" 
a n d  various degrees of light, strong electric light, subdued electric light 
and  subdued daylight. In some cases these individuals had spawned 
some of their eggs before and  in other cases the females used had never 
spawned. After {he 1412 there was  consta~ltly observed spawning in 
the main culiure from which the individuals were obtarned, but always 
a t  a very low rate. In all  cases where the individuals were exposed to 
light the rapidity was greatly increaseld. There were repeatedly observed 
individuals which spawned all  their eggs in the course of a few hotlrs. 

Although these experiments were very deficient In several respects, 
they give strong indications in the same direction a s  the observations 
from the Lofoten area (see p. 115)) viz. that the rate of spawning varies 
in different environments and that .definite conditions of light can stirnu- 
late the rate of spawning. 

It wili appear from the above that spawning can take place at  
great rate a t  OO. An experiment io see whether also the temperature 
bad any influence was comm,-nced on 1412. A culture contairl~ng 10 
~ndividuals was placed in the most favourable l ightconditions known, 
viz. the above-mentioned 100 units electric bulb, and they were s~~rroundecl  
by a cloak of running tap water. Unfortunately it was fourlci that In these 
c:rcurnstances the temperature varied somewhat, viz. from 5" to 7 O . 5 ,  
Spawning took place during the whole time of the experiment but a t  a 
low rate. O n  213 the e s p e r ~ m ~ n t  was stopped. One individuals was then 
dead, 6 had partially spawned and 3 showed no signs ~f hav i~ lg  spawned. 

I i  we compare this euperimeni with that a t  0° and ttncler the same 
conditions of light on the 1412, it wtll be seen that at  a low ternp.erature 
213 or' the esposed inclivicluals spawned completely In the course of 2 
hours, whilst the experiment a t  a high temperature did not show 
any  case oi complete spawning, only 213 of the ~ndividuals having 
partly spawtled 'liter a n  exposure of 386 hours. The evperiment gives 
strongly indicate that a lcw temperature also represent a factor which 
stimulates the rate of spawning. 



Relative ~lumbers in standard hauls from 
the Oslo Fjord at Drsbak. 

111 the summers of 1926, 1928 and  192c3 1 took a number of hauls 
with nets 8/72 a t  Drobak along the bottom a t  a depth of from 200-225 
meters. A ntlmber of hauls from that time were quite negative. The 
largest catch was made on 1817, 1926, 64 indivicluals in a haul  of one 
hour. In the summer of 1928 the greatest catch was 18 indi~i~cluals and 
in the summer of 1929 only 2 individuals. Both S a r s (1903) and 
H j o r  t and R u u d  (1929) state that this species is  very common ab 
Drobak a t  great depths in winter. A similarly numerous occurrence 

Fig. 26. Total numbers of Cnlanas IzyperDoreus 
caught in standard hauls near D r ~ b a k  July 17. 

1928 to February 2. 1929. (Se also tab. 15.) 

was also found by the present writer in the winter of 1928/29. In Table 
15 the various catches in the period from 1717 to 10/2 a r e  adjusted to 
the same sta~lclar~d because the hauls were not all takeil with trawls of 
equal duration. The total catch is also shown in Eigur? 26. The material 
shows an enormous illcrease in lhe number of individuals through the 
autumn and  winter. In.may accounif o-f the conditions a t  Lofoten 1 raise 
the queslio~l whether 111 Ihc autumn and  winter there IS not a concen- 
tration of the ansmsls In the deep waters of our fjords. The material 
from Drsbak 1928129 appears  to confirm this ass~~mpt ion ,  and revlders 
it highly desirable that Inore investigations shot~ld be made in connection 
with this pherromenon. 



CHAPTER IV 

Investigations in the Lofoten Area 
and the Winter Conditions in Calaflus finma?-clzict~s 

and Calarzzls hyperho?-ezls. 

Topographical Description of the Area Investigated. 

N o r d g % r c l  (1900) a11d N o r d g 5 r d  and  J o r g e n s e u  
(1905) differentiate between two l~ydrographically different types of 
Norwegian fjords. 211 certaln fjords N o r d g 2 r d found during winter 
time a great variation in hydrographical conclitions a t  various depths. 
He  found cluring spl-ing and winter a cold surface stratum of low 
salinity and warmer water of higher salinity a t  the botton~. In other 
fjords he  found uiliforn~ hydrographical conditions a t  all  depths (Lyngen- 
fjord, Kvznangen) .  N o r cl g 3 r d shows that it i s  the topographical 
c~n~di t ions  which a re  here of great importance. In certain fjords the 
warm water Erorn the Gulf Stream enters and  forms a warm stratum 
in the depths. G A r d e r (1916) shows that in the fjords a t  Bergen 
belonging to this type in April and June a n  exchange of water takes 
place d o w ~ i  to a clepth of 300 meters. In other fjords where the topo- 
graphical conditions prevent such a n  influx of water, the deeper layers 
of water are  colder and  of a lower salinity. N o r ~d g 5 r d (1900) shows 
that the vertical distribution of Ccrlalzrts firzmznrchicus is different during 
the winter in these two different types of fjords. Where a warm bottom 
water is present the species is mainly found here, and where the con- 
ditions a r e  more homogeneous a t  all  depths the species show a numerous 
occt~rrence right ilp to the surface. 

The Lofoten area  and  the other areas  from which the material in 
this investigation originate, all  belong to the typkwhere the warm water 
is able to penetrate to the deeper layers. 

A longitudinal section through the Vest Fjord (see Fiq. 32) shows 
that in the outer pa r t  there a r e  far smaller depths than in the inner 
part. In the outermost part  between Stat and Rost the depth never 
exceeds 300 meters. If we follow the fjord inwards we find that tlie 
depth in its middle, deepest part  only increases very slowly in the outer 
half of the fjord. About halfway in towards the inner end of the fjord, 
at Hola, the depth a s  a n  excepiion exceeds 400 meters. Insicfe Hola on 
tbe other hand we frequently meet with greater depths than 400 meters. 
Here soundings have bee11 ma8de down to 630 meters.. The innermost 
part  of the fjord mainly consists of two large branclles, the Ofot Fjord 



and  the Tys  Fjord. Both 01 these fjords show great depths. Thus in 
the Ofot Fjord 553 meters and  in the Tys Fjord 897 meters have been 
measured. In its main features the Vest Fjord therefore can be charac- 
terised a s  ail ordinary Norwegian threshold fjor,d, with a depth of 
threshold in the outer part  of a little less than 300 meters, and a n  
extensive, branched basin in the inner part, a deep basin whose waters 
a re  separated from the deep waters of the Norwegian Sea and form ail 
independent area of depth. 

In many other respects, however, the fjord presents other natural 
conditions which a r e  not usual in Norwegian fjords. Both in length a n d  
in breadth the extent of the fjord is so great that we a re  on the borders 
of what may be called a fjord and  what may be called a sea. In 
ad*dition the iimits towards the north a r e  not those of a continuous fjord 
side, but consist of a number of large and small islan'ds. Towards the 
scuth the fjord is limitelcl by a markedly indented coast with a number 
of #deep fjord arms, and outside this coast a system of smaller islands 
and  skerries with z t  some places great intervening depths (clown to 
627 meters). 

In the area investigated we must be aware that the limits towards 
!he north and south partly consist of islailcls and skerries, and we must! 
therefore take into consideration a greater exchange of water thall in a n  
ordinary Norwegian fjord. 

Hydrography of the area investigated. 

The hydrography of the Lofoten area  h a s  beefl submitted to 
investigations for many years. A s  regard earlier investigations I would 
refer to N o r d g B r l d  and J o r g e i ~ s e n  (1905) and  H e l l a n d -  
H a n s e 11 anrl N a n s e 11 (19C9). Simultaneously witn the collectio~~ 
of material for th~e presents work there have also been made hydro- 
graphical investigations. The main features of the hydrography of the 
;,sea will appear  from figures 32, 33, 38, 39 and 40. 

A s  mentioned b y e s  u n d (1924, p. 470), there is  in the Lofoten 
area  during spring a pronouncc~d correlation between temperaiure a n d  
salinity. It will therefore be suficient for a short survey of hydro- 
graphical conditions, to set forth the ~nai i l  feat~tres of tile distribution of 
temperature. S u n d (1926) mentions in the 
area. There is  a bottom water with p r  tempe- 
ratures, 6" .8-7". 1 and salinity 34.5 0/,0-35.0 yo, in 1926. Its extent 
upwards varies a good deal. In general it extends up to a depth of 
150-200 meters. Above this lies a stratum of >>bank-water<< which 
varies greatly in thickness. This is characterised by temperatures of 



between 4" .5-6" .5 and a salinity of 33.5 0/,,--34.5 yo, it1 1926. The 
upper layer consists of >>coast water<< ( M o s b SJ, 1923). It i s  charac- 
terised by temperatures in the winter months lower than 4 '5 ,  and 
salinity 32.8 0/,,-33.5 '/,, in 1926. The thickness of this layer of water 
varies greatly. It is usually thickest in the inner par t  of the fjord (up 
to 100 meters). In the outer par t  of the fjord it is often thicker on the 
northern si'de of the fjord. (See Fig. 39 and 40, and also A4 o s b y 
(1923)) S u n d (1924 and 1926). 

In addition to temperatures and  salinity the 3 various strata of 
water a r e  characterised by a difference in movements a n d  changes in 
the physical cot~~ditions. Moreover they a re  of different origins. 

The situation of the different strata of water along the mid line 
of the Qfot Fjord and the Vest Fjord in 1929 cltlring the period of the 
investigations is  shown in Figs  32 c and 33 c. A s  seen the main features 
of the hydrographical conditions a r e  the same a t  the first and second 
time of investigation. The chief change is a fall in temperattire in the 
upper strata of the innermost par t  of the fjord. Some of the water 
inasses have a temperature lower than 1°.5, a t  one station even at  a 
depth of more than 20 meters. The horisontal distribuiion of temperature 
during the investigations in 1922 will appear from Fig. 38. It will be 
seen that there is a characteristic difference between the northern anad 
the southern sides of the fjord. The northern side is characterised by 
a s:trface temperatu~e lower than 3". The soutitern side of the fjord, 
and  the a rea  which lies between the numerous islands and skerries, a re  
characierised by temperatures higher than 3". The lo-?v temperatures 
in the northern par t  of the fjord estencl right out to V ~ r o y ,  probably 
also beyond it. The Rost group of islands lies in far higher temperatures. 
It falls outside fhe isotherm for 5". Further information regarding the 
various strate of water will appear from figures 32, 33, 39 and 40. 

M o s b y (1923 Figs  1-7) shows that in 1923 the isotherms 
has  a course similar to that of 1922. 

Currents in the Area investigated, 

From 1922 to 1930 the hydrography of the Lofoterl area  h a s  been 
the subject of exhaustive investigations. The material i s  being esarnined 
by 0 s c a r S u n d but no complete account so far exist a s  regards the 
material and the concli~sions whicll may be drawn regarding the cur- 
rents. S LI n cl, however, h a s  given me some information and has  kln'dly 
read this part  of my manuscript. In the area investigated there were 
found both tidal currents, wind currents and convection currents on 
account of the outflow of fresh water from the land. 



The tidal currents in the area  investrgated may be 01 great rapidity 
especially in the outer part. Thus  the sound between Vzruy and  the 
outermost Lofoten islands on accottnt of the strong tidal currents is 
very dangerous for small vessels. 

Both on account of the tidal currents and the wind currents we 
must take into account that the masses of water, especially in the outer 
par t  of the area,  may change very rapidly. A s  a n  instance reference 
may be made to Fig. 38 where it will be seen that the isotherins in the 
area  just inside V z r ~ y  have a markedly curvecl course, and that the 
water masses are  irregttlarly distributed. Thus  stations 61 ancl 62, 
1014 (Fig. 41, Table 25) represent far higher temperatures than those 
found a t  the adjacent stations 16, 2413 a n d  35, 114. LVe thus have a n  
influx of warm water to that par t  of the area.  There also appeared 
(see P. 152) at Stations 61 and 62 corresponding changes in the com- 
position of the plankton. 

A s  is  well known, there runs  along the west coast of Norway a 
northwarclgoing coast current, the waters of which to some extent also 
( M o s b JT 1930) cause great exchanges of water in the mid~dle strata 
far  into the fjords. It is a n  old experience from the Lofoettl area, a s  
is also confirmed by the hydrographical investigations, that a convection 
current proceeds along the eastern side of the fjord and out along the 
northern side. This current will be augmented by a more local surface 
current from the inner par ts  of the area out towarcls the banks. 

Dividing of the investigated area into sections. 

In this account there will be emploved the follow~nq cllvision of 
thc. investigated area  : 

I )  T h e i n 11 e r a r e a .  This compr i~es  that par t  of the fjord 
which lies inside Hola and thus comprises the inner and deep isart of 
ihc fjord and its branches. I t  is also characterised by the cold aniI only 
slightly salt upper layers during the time of the investigations. 

2) The n o r t h e r 11 area. This IS bottnded by the Lofoten-islands 
to the north. To the south and west it is bordered by the ~so t l~er rns  for 
3" a t  the surface, 1922. To  the east it extends up io ancI incltldes the 
waters a t  Hola. I t  is also characterised by water masses belonging to 
the co5d outgoing coilvection current along the north side oi the fjord. 

3) The s o u t h e r n area. This area  is bounded on ille north by 
the isotherm for 3" a t  the surface, 1922. It thus comprises the s o u i l ~ e r ~  
par t  of the fjord and  the skerries south and  east of them. It  is also 
characterised by relatively high temperatures in the ulsper layers of water. 



4) The o LI t e r area. This is boun'decl to the east by the isotherm 
for 5" a t  the surface, 1922. It thus co~lllsrises the sections of the coastal 
banks nearest to the \Vest Fjord. It i s  also characterised by hig11 
temperatures in the ulsper layers of water, teinperatures which ge~lerally 
lie above these in the southern section. 

The various sections and their limits will be found in Fig. 38. 

The vertical distribution of Calanus finmarchicus and Galanus 
hyperboreus during winter. 

From a number of investigations from Scandinavian waters we 
know that in the months of February, March or April, the time varies, 
a numerous occurrence of the two species here investigated takes place 
in the upper Layers of water. A s  the occurrence of the organismes even 
a t  first is so numerous it indicates that a vertical migration of the entire 
stock of the species h a s  been completed in a very short space of rime. 
The time before this appearance in the upper layers sometime during 
fhe months of spring will here be called the \vint?r collclitions. I t  will 

Tab. 16. Numbers and stage distribution of Calarzus f~jtperboreus and 
Calaizus fiizrnnrchicus fro111 nets 7218 december 1928. The situation of 
the stations is seen in fig. 31. Station 374 is from the Romsdalsfjord. 

Station 

- 
35 7 

364 

3 5  1 

368 

374 

Date 

711 2 

10112 

10112 

12/12 

12/12 

Depth N u n ~ b e r s  
along 100 
meter of 
the haul 

Nurnbt-rs 
along 10C 
meter  of 
the haul 



:bus be LI conception with well defined limits in one direction a s  lo the 
rise of the organisms. There is, however, small chances that the reverse 
process, descent, can so easily be limited and generalise'd. 

From )> Johan Hjortccs cruise in December 1928 a number of samples 
exist from several places on the Norwegian coast between €18~.30 and 
62O.30 N. One station is from VAgsfjord just north of {he Lofoten- 
area (357, 1' N of Engenes Lighthouse, Dyroy), one station from 

Fig. 27. Vertical distribution of Cnlnni~s finnznrclticrrs (to the left) and Cnlnnas 
/?yperDorerrs (to the right) December 1928). (Se also table 16.) 

Skraven in the West Fjord in the Lofoten area (304), 2 from the 
southern section (367 and 368) and  1 from the Roinsdal Fjord (374). 
All the stations have a homogeneous topogral~hical situation in closed, 
deep fjords or between skerries. 

The  vertical distribution of the two species a t  that time will appear 
from Table 16 and Fig. 27. It will be seen from the table and the 
figure mentioned the two species in December show a very homogeneous 
distribution in relation to 'deepths of the hauls. The largest numbers 
a r e  always found in the deepest hauls. I t  will also be seen that a d i s t inc~  
difference esist between the two species. Cnlatzus /zyperOorezrs is frequent 
only in those hauls which go down to more than 300 meters. Crrlatzrts 
finmarchicus, in the other hancl, is also frequenl in hattls which reach 
below 200 meters. The  most frequent occurrence of the two species 
decidedly was a t  station 367 in a haul  from 550 to 300 meters. Mainly 
because of this deep haul it will be seen that the total catch a t  this 
station (or catch per surface unit) is about twice the size of the other 
stations. 



N o r d g A r d ' s  materials ( N o r d g A r d  and  J o r g e n s e n  
1905) also present a n  excellent material for the determination of the 
vertical distribution during the winter condition in Jannuary and 
February 1899. As  will be seen from N o r d g A r d's tables (1. c., 
PP. 25-36) the material gives splendid support io the results shown 
by the much smaller material here presente~d. Thus N o r d g 5 r d says 
(p. 41), ))It will be seen from these observations that in winter a really 
considerable number of this important plankton form may be found in 
the basins of the fjorcls.cc We must therefore entirely agree wilh this 
statement regarding Cala/zus firzmarclzicus. O n  one point there is how- 
ever a disagreement between N o r d g 5 r d's account and that here 
presentecl. N o r d g 5 r 'd, 011 the basis of stations taken after the first 
week of February, maintains that there are  only a few individuals pre- 
sent a t  greater depths than 300 meters. In a later chapter where these 
conditions a r e  subjected to a closer examination, we shall see that 
these stations of N o r cl g % r cl 'do not belong to the winter condition. 
His  material is derived precisely from the short period when the species 
is on the point of migrating to the surface. N o r d g 2 r d's material 
must to a great extcnd be referreld to the time when the winter co11Gitlon 
is p s t ,  and thereby forms the very important connecting link which is 
almost lacking in all  the material here presented. i t  affords a n  excellent 
epportunity of ~ t u d p i n g  the vertical migration of Calarzzzs firzmzarcizicus 
a n d  the time when this occurs. Reference is  here made to F igs  29 and 
30 preparecl after N o r c-f g 5 r d's material. Before 712 this maierial 
shows that Calarzus finnzarclzicus is numerous a t  great depths. Before 
1712 they show that Cnlarzus iiyperborerts (which migrates upwards 
later) is numerous a t  grezt depths. 

W e  may sum up N o r d g A r d's observations and  in7 own con- 
cerning the two species a s  showing that they spend tile winter a t  great 
depths. Calanus finmarclzicus extends below 200 meters with a rising 
concentration clown to a t  least below 300 meters. Ccclnrzr~s lzyperDoreus 
in the winter condition h a s  its vertical distribution a t  a n  even greater 
depth than Cnlanrts firzt?zarc/zirus. 

The horisontaI distribution !in winter. 

The direct result of the vertical distribution in winter is that the 
horisontal distributio~l is very limited. A s  mentione'd on Page  it is 
only in the inner half of the fjord and in the southern area thai exten- 
sive depths of more than 300 meters is founct a t  all. Large numbers 
of wintering animals of both species can therefore only be expected fo 
be found in this I I I I I ~ S  part. One silde of this cluestion has  already been 



well elucidated. The enormous numbers in these regions are  a certain 
an)d frequently demonstrated phenomenon. Another side of the question 
is whether the two species a r e  lacking in the shallow outer par ts  of 
the area. 

It must here be pointed out that our knowledge concerning this is 
still 'deficient. In the first place it is impossible with the existing 
material to decide a t  what time during the winter the two species attain 
their maximum average distance from the surface. In order to decide 
this question a material collected continuot~sly throughout the winter 
months a t  the same place is required. 

Further it is a near problem to map out the horisontal distribution 
of the animals a t  the time when they have their greatest clista~lce from 
the surface over a large area  and endeavour to elucidate the question 
a s  to how far there is a relationship between the total catch from the 
bottom ancl upwards (or the catch per surface ttnit), and depth of 
bottom. It h a s  already been mentioned in Chapter 111 how hauls in 
the Oslo Fjord a t  Drobalr give a catch of Calalzus lzyperboreus in large 
numbers by using a sledge which keeps the net a t  a distance of one or 
two meters from the bottom. The depth of the bottom where hauls were 
taken was  225-200 meters. If we compare this with the two figures 29 
and 30 a and  b one sees that. N o r d g % r d's material also indicates 
a stroriger concentration of the animals near the bottom i11 places where 
the depth is  less than the maximum depth of distribution. We have here 
a possibility that must be taken into account in p l a n n i ~ ~ g  more thorough 
special investigations. 

The only available material for the study of the horisolltal distri- 
bution of the two species in winter is that given in N o r d g % r d 's  
tables ( N o r d g A r d and J o r g e  n s e n ,  1905) pages 25 and 27. 
It will be seen from these that for the period 13/1-13'1 1899 there 
r r e  17 hauls from the northern area. The hauls a re  representative of 
all  the clepths occurring. In 4 deep hauls Calanus Jiiilmarclzicrls is 
indicated by c. ( In  order to form a n  idea of the dirne~lsions of this 
s i p  reference is made to Fig. 29 a ancl O where the ttpper hauls a r e  
also indicated by c a11d which only co~ltaiil aboitt 1/10 of what was 
caught in the hauls marked cc). Two hauls of middle depth are  indi- 
cated by r i-, 9 hauls the majority of whicli were at  a small depth a re  
indicated by r and the species was  net present in 2 hauls. From 3111 
--I12 N o r cl g A r d h a s  4 haills in the northern area of which the 
catch in 3 is designated by + and in one by r. 

Unfortunately there a r e  a number of hauls from the clays 1312- 
1512, 1924 which were lost by fire. I t  appears  distinctly, however, from 
S u n d's and my ow11 journal from the collections made that year, 



that none of them contaliled Calanus fi~zmarc/zirrts with the exception 
of a very few specimens. Calanzts Izyperboreus did not occur. 

Even if these problems cannot yet be regarcie3d a s  sufiiciently 
elucidated we have here a distinct contrast between the occurrence in 
the winter in the northern area  and the occurrence in the winter in the 
innerandsouthernarea .  I n  t h e  i n n e r  a r e a  a n d  i n  t h e  c l e e p  
p a r t s  o f  t h e  s o u t h e r n  a r e a  t h e r e  h a v e  b e e n  f o u n d  
i n  a l l  i n v e s t i g a t i o n s  v e r y  c o n s i d e r a b l e  c lumbers o f  
t h e  t w o  s p e c i e s  a t  g r e a t  ' d e p t h s .  I n  t h e  n o r t h e r n  

Fig. 28. Different types of vertical distribution of Cnlnnr~s 
finmarchicus in the Lofote~l area in December and April. 
The total numbers caught are in each case found beneath 

the number of the station. 

a r e a ,  w h e r e  t h e s e  d e p t h s  a r e  l a c k i n g ,  a n u m e r o u s  
o c c u r r e n c e  o f  w i n t e r i n g  a n i m a l s  h a s  n e v e r  b e e n  
d e m o n s t r a t e d .  

The a r ~ n u a l  vertical rliigraiion oi the two species. 

As already mentioned the winter condition is interrupted by all annual 
vertical migration of the two species. The vertical distribution after 
1513 1929 arid 1922 will appear  from Figs. 32, 33, 39 an'd 40, and 
Tables L7-23. The vertical migration is thus confirmecl by a n  extremely 
large amount of material. A characteristic instance of vertical distri- 
bution before and after the vertical migratioll of Calanrzs firzi?zarchicus 
will be found in Fig. 28. It shows the vertical distribution a t  two quite 
adjacsnt stations, viz. 10112 1928 an'd 414 1929. 

It will be oi co~isiderable interest to investigale what the rnaterial 
available from the area in cluestion can show regarding the time of 
lertical migration for each of the two species. 



W e  should observe a t  once that a t  the commencement of the 
irivestigations in 1929 (15/3), Calanas finmar~hicz~s h a s  coinpleted its 
vertical migration (see Fig. 32 a) .  On 414 1929 there a r e  two stations 
f ~ o m  the inner par t  of the fjord (see 32 a )  which show that Calanus 
hyperboreus a t  that time was  on the poi~l t  of completing its vertical 
rn ig ra t io~~ .  Investigations a t  the same statioils 2014-22/4 show that this 
species had  completed its vertical migration so that lsraclically speaking 
the whole stock was distributed between 75 meters and the surface. 

TT7nz'T 

Fig. 29. Vertical distribution of Cnlnnl~s fin~narclzicus in the inner area 7. February 
-29. March 1899 after Nordgards tables (Nordgsrd and Jsrgensen 1905 pp. 41-42). 
The total numbers caught are given for each station. None of the hauls \\rere negative. 

Calarzz~s finnzarclzicus must thus migrate upwards before 1513. 
We have drawn Fig. 29 according to N o r d g ;51. r d's tables (P. 41-42). 
In the first place we see here that the stations 712-912 a r e  characteristic 
of the winter condition. Station 1712 on the other hand shows a quite 
different picture. The occurrence is already greatest in the upper 100 
meters, but there are  still in'dividuals left in the deep water. O n  10/3 
the occurrence in the upper 100 meters completely dominates as a t  
statio~i 103, 15/3, 1929. O n  2913 we have almost the same distribution 
as on 1613. W e  thus find here a striking agreement between N o r d -  
g % r d's material from 1899 and  that from 1929. There can be no doubt 
that the picture 17'2 a s  already mentioned on P. 90 cannot be used in 
a consideration of the distribution in the winter condition. I t  call only 
be regarded a s  a stage in the annual vertical migration. 



At  the same t ~ m e  in F:g, 29 we have figures g ~ v i n g  the tola1 catch 
per statlon. Station 8,2 forms a n  exception, in that 11 belongs to a 
branch of the Oiot Fjord and can thus not be representative of the 
main I'jord. The two statiotis from the wlnter condition (712 and  912) 
show little depth, and a r e  thus not ,directly comparable with the last 
3 stations with thelr great depths. Nevertheless it will be seen how the 
total catch a t  the statlons shows a considerable and regular decrease 
a s  by degrees ihe vertical migration proceeds. The  vertical migration 

Fig. 30. Vertical distributioll of Calnn~ls hyperboreus in the illller area 7. February 
-29. March 1899 after Nordgirds tables (Nordgird and Jorgensen 1905 p. 42). 
One haul were the figures are lacking is marked? otherwise where no figures the 

haul was negative. 

is accompanie:l by considerable changes in concentratioil, a circurnsfance 
which will be the object of itlrther study in a subseq~leilt chapter. 

Calatzus lzyperhoreus on 414 1929 had not coml~leted its vertical 
~liigratiorl (see Fig. 32 a) .  N o r d g % r d's material is also for this species 
very suitable for studies of the time when vertical migration begins and 
its progress during the first period. It will be seen from Fig. 30 that 
a s  late as 1613 no signs of vertical migration can be proved. O n  the 
other hand, on 2913 we have a picture which fully corresponds to the 
picture 1712 of Calaizus finmlarchin~s, a co~isiderable occurrence also in 
the upper layers of water, a diminisl~ed occurrence in the deeper layers. 
For this species too we have a strrprising agreement for the two years 
1899 and 1929, a n  agreement which allows us  to follow directly the 
migration cluring the period, witho~lt paying regard to the year in which 



the collection was made. Because the material a s  regards depths is  
not very honlogeneous it does not however permit of a n  exact study of 
changes in concentration during the vertical migrations. A s  conlpared 
with the foregoing species the material was collected too early for great 
changes to have taken place. This question will be further discussed 
in a subsequent chapter. 

Finally, mention should be made of two factors wliich may cause 
a comlslication in the clualititative studies of these vertical migr a t '  1011s. 

In the first place vertical migration will be accompanied by a 
change in the total catch a t  the stations. Inclivid~ials in the upper iayers 
of water will drift away Inore or less completely a s  by degrees they 
migrate upwards. It i s  thus not possible io calculate directlj~ the number 
of individuc..ls which migrate upwzrds. W e  mvst assume that the catch 
in upper hauls is co~lsiderably less than the total number of individtlals 
which have migrated up. The diminution in concentration a t  greater 
depths will oln the contrary be easier to determine, and offers a Pavour- 
able task for the further study of these conditions. 

Periodic daily illigrations of Cainnus fi/zmzarckicus have been shown 
by a nusiiber of authors. ( E s t e r 1 e y 19 12, R u s s e 1 1928 and others). 
Determinations of these migrations in the Lofoten area  during the tirne 
here ,dealt with have not been made, but the material submittect shows 
that the extent of migration is sma1l.l). W i t  h (1915) asserted on the 
basis of 109 surface hauls from K r o y e  r's E a s t  G r e e n 1 a n d 
E x p e d i t i o n that Caiarzus lzyperborerts does not make periodical 
daily migrations, a result, however, wliich needs further confirmatio:l 
by investigations a t  all  times of the year ancl in different localities. 

Stage Distribution in the Winter Condition. 

The investigations of Calanus /~yperDureus from the Oslo Fjord a t  
Orobak which a re  described in chapter 111, show that during the autumn 
months there takes place a co~isiderable migr;ltion of indi\7idtrals to that 
locality froin outside whilst the tnldividuals which a re  to be found a t  
Drobak thi-oughot~t -the summer mainly consist of females whlch have 
spawned, survivors from spawniiig in the previous spring, the imini- 
grants  of the later autumn months consist of larval stages. The 
stage distributioll ancl the changes made by immigration of the distri- 
bution of stages will appear from Table 15. It  will be seen that the 
first virginal female w a s  caught 4/11) and that hy degrees this group 

1) Such determinations of daily vertical migrations has been carried out 
December 1931 an January 1932 near Tromsm and they show that the species in 
question do not undertake extensive daily vertical migrations during winter time, 



is sttbjected to a great Increase both as regards the total ilumber and 
the percentage of the stock. The larval stages X and XI  are, however, 
ztlways numerotts in the sanlples. 

Table 16 shows the ciistributlon of stages during the period 7/12 
-15112, 1928 along a great par t  of the Norwegian coast. In the case 
of Calatzus lzyperboretcs we notice a striking agreement with the results 
from Drabak. The larval stages X and especially XI predoniinate in 
the samples. A i~umber  of females a r e  present, anld an examination of 
theii oviducts shows that they a re  all  virginal. All tile samples in 
Table 16 belo~lg to a periocl when the transition to females h a s  com- 
menceid but is by no means completed. None of the females in Table 16 
had eggs in the oviducts. It was not possible to find stages earller than 
X in the samples. Males of Calatz~ls Izyperboreirs, which a t  Drobafc were 
not found before 1911, a re  only present 111 one instance aticl that a t  the 
last ancl most southerly station (374). This IS the earliest occttrrence 
of males which has  ever been noticed on the Norwegian coasi. 

The interpre.tation of the entire picture of the distribution of stages 
of Calanus hyperborezrs in Table 16 must be thai the survivors after 
the spawnicg in 1928 (then 1 year old) has  disappeared and  a new 
generation from the 1928 spawning a re  preclominant. The occttrrence 
of females and males in small numbers is the first sign that we a r e  
approaching the time for the new generation 1929. 

The young stages of Calatzus finmzurcIzicus also renlain to a great 
extent tliroughout the winter. Thus Table 10 shows Stages X and X I  
a n d  also a number of females. iviales or siages earlier than X coulcl 
not be found. A s  shown by a number oi authors ( h u r i v i 11 i LI s 
(1928)) N o r d g % r cl (1901), F a r r a n (1927), R tt s s e 1 (1928) and 
R u u d (1929), this species has  more than one spawning period a year. 
I t  is therefore likely that the larval stages of this species present it1 
the samples are younger of age than the larval stages of Colanlr5 
Izyl~erborens. 

Distribution of  Stages before and during the Vertical Migration. 

The most complete material for the ~ e r i o d  immediately before and 
during vertical lnigration of the two species will be found it1 N o r d - 
g% r d 's  paper. It gives, however, no detailed i~lformation regarding 
the distribution of stages, a feature which will be illustrated by material 
from 1922 and 1929. On the other hand we find a number of interesting 
details regarcling the occurrerlce of the mature animals. N o r d g A r cl 
in two cases observed females of Calarzns ji/zmzarchicrts with firmly 
attached spermatophores. In addition he gives information regarditlg 



the occurrence O F  Calurzlts lzyperboreus, males and  feinales with eggs 
in the oviducts. Moreover he  also in this species discovere~cl females 
with spermatophores. 

N o r d g % r d has  with great kindness place'd a t  my disposal 
selected samples from his i~lvestigatlons. As, however, these problems 
will form the subject of a subsequent publication, they will only be 
brrefly mentioned here. One sample 912, 1899 from Ofoten Fjord colisisted 
oi 24 males, 5 fe~iiales w ~ t h  eggs in the oviclucls, 1 female without eggs 
and also indlvid~?als of stages XI  and X. The  females wit11 eggs showed 
these lo be in vallous stages of growth. None of the females had  
spermatophores affixed to the genital segment. One  -very interesting 
case was a n  individual of Stage X I  which had started edevelopmeni 
of eggs. I fousid similar co~lditiolls i11 ind~vidtials of this stage In the 
Oslo Fjord c?t Drobak 1911 1929. (See Chap. 111). This circumstance 
is  of co~lsiderable interest because it h a s  otherwise never been observed 
in larval stages, in spite of the enormous numbers which have been 
euamined. It  incllcates that the development of eggs is a process inde- 
pendent of moulting, probably also coslnected with certain definite 
physical conditiol~s. Earlier in the year the larval stages and also the 
already fully cdeveloped females showed no signs of a development of 
eggs. A sample from 6 '2  1899 fro111 Tranoj7dypet contained 3 males, 
and 5 feinales a l l  with eggs in their oviducts. 111 4 cases the oviducts 
were filled with eggs a t  very early stage of development. Three of these 
feniales had  sperrnatophores fixed to their genital segment. 1 have made 
the same observation from Drobak ill the Oslo Fjord, viz. that it is 
only in femaies with eggs a t  a very early stage of 4development that we 
fitid aiflxecl spermatophores. As is knowii sperms in these crustaceans 
a r e  transferred (see C i e s b r e c h t 1921) from the spermatophore to 
a sperinathecum In the genital segment, where they a re  kept until the 
eggs are  laic1 and fertiliseld. 

As mentioned 011 Page 77, it must be ass t~med that the longievity 
of the males is  btrt very short. As will appear  from Table 15 they have 
their m8\irnttrn occurrence prior to the numerous occurrence of females. 
They also occ~lrs  earlier than the appearance of the great rnasses of 
females with eggs in the oviducts. In N o r d g % r cl's sample froin 0,2 
they formed quite a lsredomi~iatitlg group. It will be seen from Table 15 
thal  they also preclomiliated over feinaies a t  Drobak. I have never 
ciiscoverecl silnilar conditions in the case of Cnln~zus firzl~zarc/~icus. I have 
never found such a high percentage of males a s  e. g .  that given by 
R LI u cl (1929 P. 29). F a r r a 11 (1927 P. 137) on the other hand 
found off the Irish Coast in Jart~luary similar ~on~clitios~s for Cnlarzirs 
jinmnrc/2ic~zs as those observelcl for Cnlnrzits /zyperhorerts, i. e. a number 
of males which quite l~redonlirlated over the number of females. 



O n  Page 27 mention is made of sample from )> Johart Mjortc< 192i 
with one male and 38 females, only one of which had no eggs in thk 
oviducts. 1812. O n  1012 there were caught a t  Drabak 291 females 
~~racf ical ly  all  of which hat1 eggs in the oviducts. In addition we have 
N o r a i l  g 5 r d's numerous figures from the same period. A s  u7ill be 
seen fro111 the material of 1929, the pheilonlenon h a s  practically spea- 
king d i sappea~e~d  entirely a t  the beginning- of April. Only a few of the 
individuals renlaining in the deep water have any eggs left, but these 
few individuals is of no importance in relation to the whole stock. One  
mention by N o r d g & r d of a female with eggs 2/4 1900 in a haul 
330-0 meters from S k j ~ r s t a d s  Fjord (souther~l area)  prestlmably be- 
longs to the same group, viz. females wtth eggs which have remained 
in the deep water. From these reports we sho~l ld  be able io concliade 
that the main spawning of the species takes place in February a n d  
March. It probably takes place after 1512 and (see p, 74) is  practically 
speaking finished 1513. The time of spawning of this species thus coin- 
cides entirely with the time of the annual vertical migration. A s  will 
be seen later, these assumptions regarding the time of spawning and 
its dependence upon vertical migration a re  largely supported by the 
occurrence of the larval stages, the occtlrrence of females which have 
spawned and other conditions in the material from 1929, 

As will be seen, the ripening of the genital organs of Cnlarztts 
finrnnrcizicus occurs much later than the vertjcaf migration. A s  alrealcly 
mentioned, the vertical migration of this species takes place earlier than 
that of Calarzus hyperboreus, whilst the ripening of the genital organs 
in the bulk of the stock takes place much later. N o r d g A r d states 
that he  saw two females with spermatophores, one on 7,2 1899 a n d  
another on 1712 1899. These two instances, however, form such a small 
par t  of N o r d g % r d's entire catch (see e. g .  Fig. 29) that there is  no 
reason io assume that the coilditions in 1899 were essentially different 
from those in 1922, 1924 anld 1929. 

The spawning period of both species thus taltes place after the 
winter condition. For the coming- investigations when young stages 
earlier than X a r e  present in the samples, we shall divide the stock 
into iwo main groups: t h e  o l d  g e n e r a t i o n  a n d  t h e  n e w  
g e n e r a t i o n .  

Causes of the vertical migration. 

No doubt, the vertical migration both in Cnlanus finnzarc/zicus and 
Cnlarzus /zyperDorelts is a n  activ migration by the animals. The  animals 
inove 'directly from the deeper strata of high temperature a n d  high 



sallniiy towards the surface strata of low temperature and low salinity. 
Vertical convecilon currents a s  proposed by N o r d g % r d' ( N o r d - 
g %  r d and J o r g e n s e n  1905) cannot take place in a scale that 
would be necessary to explain the altered vertical distribution of the 
animals. The controlling factor, or facters, for the migration must be 
sought for in altered environmental conditions. 

A complete discussion a s  to our present linowledges of the factors 
controlling the vertical distribution of pelagic a n ~ m a l s  cannot be giver1 
here. The problem h a s  been made object to many discussioils In the 
present literature. Only a Iew papers will be mentioned here. 

D a v e 11 13 o r t (1897) divides the rzaciions of pelagic anirnais in 
two i11ain groups. P h o t o t a x y means that a n  animal moves in the 
direction of the light rays, posetively or negatively. P 11 o t o p a t h y 
means that the animal moves towards the lighter spot, always pos~tively. 
Under natural conditions photopathy thus always appears to be a move- 
illent in opposite tdirection of the sinking rate of the animals. 

D I t 1 e v s e n (1906) shows that photophaty can be demonstrateci 
experiinentallp in several organisms with pelagic habits. His  material 
cornl~rises pelagic freshwater crustacean (cladocera and  copepods) and 
marine pelagic species, holoplanktonic animals and pelagic larvae. All 
these he proved to be photopathical. Control experiments sit~~oultaneous!y 
showeld that the species used were not phototaxical, but that they went 
to the lighter par t  of the aquarium independently of the direction of 
the rays. 

S c h u 1 z (1927) h a s  extensively and verv carefully studied the 
different reactions towar'ds light evhibited by lower c r u s t a c e a ~ ~ .  In a 
series of experinlents he shows the different physiological effect of 
different intensities of light. The  light intensities h a s  for instance an 
effect upon nunnber of offspring, increase in length between each moul- 
ling, pigmentation, building and destruction o-T fats, and n LI m b e r o f 
m o v e m e n t s. His state~nents thus includes factors which is very 
probably of importance both for photopathy and sinlring rate of pelagic 
aninlnls. Partly by means of 'different light intensities, partly by 
operations S c 11 u 1 z succeeded 111 proving that the much cliscussecl 
>>Augen - A n t w n c  Reflexcr has  no physiological basis. The physi- 
ological effect of light he  lround can be measurrd by means of the heart 
 ate, number of pulsations of the heart pr.  minute. A direct irra,cliaiion 
of the eyes gave no effect, while direct treatement of the heart  or the 
iibdomen had an  in~inecliate effect. In a series of aquarium experiments 
S c h u I z confirmed the phenomenons of photopathy founci by D i t l e v.. 
s e n .  Curiously enough he calls them phototaxy and seems not to be 
aware of the fact that these phenomenons a re  quite different from the 



reactions which for instance he  himself h a s  fotrnd with regard to ultra- 
violett light. Ultra-violett rays, according to S c h u 1 z, produces a total 
change in the movements of the animals. They turn their heads down 
and flee towards deeper water. S c h LI 1 z thus sliowed phototaxy towards 
ultra-violett: rays in pelagic animals. 

B o r o w s k i (1927) found that the reactio~is of daphiiids towards 
light depends also upon the chemical conclitions of the surrouiiding 
water, and  upon the composition of the l~g l i t  rays. A solution of clifferelit 
poisons, especially acids and among them CO, proved to cause a change 
in the heart rate and thereby a change in the photopathical reactioli. 

144 a c. A r t 11 u r and  B a r I I 1  e (1927) shows that the heart  rate 
in Dapiztzia mag~zn  is $clifferent in male a n d  female. The hear1 rate 
clepeiicls r~poii  the temperature. i\iT a c, A r t 11 u r and  B a i 11 I e gives 
very few details, but they a r e  probably right 111 assuming that the heart 
la te  is a n  irnlsortant factor for every vital function. 

H a r v e y (1929) examtnecl the heart frequencies atid the reaciiot~s 
towards light in Calarzus jit~march~cus. He foun:l that the heart rate 
depends upon temperature and the quality of light. Strong light causes 
a clecrease of the heart rate, a n  effect strong enough to be lethal in  
cases of long exposure. Direct sunrays (which in his case passeid 
through thick glass-walls) had the strongest effect. Blue rays act 
strongly, while read ancl green rays have much lesser effect. H a r v e y s 
work seems to me to be of very great importance for tuncterstaildiilg the 
effect of light on pelagic animals, both regarding the daily vertical 
migrations 2nd the annual vertical migrations. Il is  esperilneiits has  
prooved that the animals may use several days before they have become 
adapted to new environmental conditions. Thereby he shows that the 
many experitneiits of only a few miti~ttes 4dtrration hardly can be applied 
to aniinals under natural conditions. 

This short strrnmary of some facis segarciing the react~ons tow:~rds 
light and ten11:eraturr present lil lower pelaqic crustacean certainly ts 
of importance for tlnlsrstandtilg the catrses unclerlying the plienomcnoo 
of the yea-l!~ vcrtical migrations of ihe two species Cnlcrr7us fir?rirnirh~ctrs 
ancl Cniarzrls fzyperboreus. MZ,IIJI lactors will have to be lakcn runcler 
consideration, a n ~ 1  ~n details our know1e:lge both regarcling the :eaction 
a n d  the sinking rale oE the species is ho-wever a s  yet very deficient. 

We nitlst be content with the result that the yearly vertical migration 
of tlie two species seems to be a photopathical phenomenon. The animals 
a ~ o v e s  towards the slronger light in early spring and the stimrrlant for 
this movement increase a s  they approacli the surface layers Possibl! 
this explains why the vertical mlgratiotl is con~pletecl i : ~  such a short 
time bo!h by adult individuals atid larvae? 



111 any case, i l  ~ n u s l  be taken for granted that the light ~ntensitp 
represent the only factor which call be subject to considerable cllaiiges, 
piactically s1)eaking at the same date every year, a t  the end of the 
winter condition. In this connection it is of interest to recall the fact 
that Calanus finrrzarclzicus spend the winter months in les~ser !depths, and 
start its vertical migration a t  a n  earlier date tllan Calarzl~s lzyperboreus. 
At preseiit it is only from the Lofoteil area that the vertical migration 
is known in details. As will be shown later on, spawning starts earlier 
a t  A40re than in Lofoteil in both species. Whether this alpplies also to 
the vertical rnigratioil is a question not yet settletd. 

CHAPTER V. 

Cessation of the Winter Condition and the Period of 
Spawning in CnEanus finmarclzicus and Calanzls 

hyperboreus. 

The material from >>Johan Hjort's<< cruise in the Spring of 1929 was 
collectecf according to a principle differing froin that of the previous 
collections. A general investigation on the basis of material from 1922, 
1923 and 1924 gave in the case of Calarzrts lzyperboreus the rernarliablc 
result that there occurred both individuals of the old and of the new 
generation. Neverthless spawning of the species could not be found, 
although the material from 1924 was collected both before and after 
spawning time. In other worcls it was  clear that the material before 
1929 was not representative of the spawning area and thus of course 
could give no  information regarding the situation of the spawning area 
and the time of spawning. In addition these materials were not repre- 
sentative for all depths occurring in the area. In the case of Calarzus 
jinnznucliicrrs, however, the materials were more representative. Thus 
the material from 1922 proved quite suitable for studies of the spawning 
conditions of this species, but even here it was  found, before the material 
from the autumn of 192% alnd spring of 1929 was available, that we 
lacked very important linlis in the chain that was  necessary in order to 
obtain a full elucidation of the questions raised. 

The plan for the collections in 1929 was in brief as  follows: - The 
collection of zooplanliton was  t o  be concentrated over a longitudinal 
section from the inner end of Ofot Fjord t o  the outermost parts of the 
West-fjord. If possible this section was  to  be investigated 3 times, before 



fhe commencement of the flowering of the plankton and the vertical 
ixigratrons, during the vertical migration and last of all at the end of 
April before the conclusion of tile cruise. The collections shoulkd a s  far 
as possible be standardised so  that there would be available comparable 
tables and figures for the va-rious periods. Of course such material 
cannot be as scheiiiatic as might be desired. The weathcr conditioi~s 
give rise t o  obstacles, and in addition the investigation of zooplanliton 
was a minor object of the cruise. Thus the main spawning of Calarzus 

Fig. 31. Map sliowing the situation of the stations 
in the autumll 1928 and spring 1929. 

hyperboreus is unfortunately again not represented. A vertical mapping 
of the 3pawniiig of this species is thus ~mpossible. But on the other 
hand the group of females which have spawned and also the new 
generation is so fully represented, and so sharply defined as  to its 
distribution, that it is not a difficult matter to map the spawning of 
{his species in its main features as  regards its horisontal extent. 

The bulk of the material was collected in nets of 72 diaiiieter and 
silk 0 and 8 (net 7218). At some stations investigations were also made 
with nets of diameter 45 cms and silk 25 (net 45125). 

The distribution and composition of stages of the old generation 
will appear from Tables 17 and 18. That of the new generation will 
appear from Tables 19-22. 

011 the basis of these tables there have been constructed the two 
ftgures 32 and 33, a and (7. Figures 32 and 33 c show the course of 
the isotherms during the period of the investigations. The observations 
can be suinmarised as  follows: - 



Tab. 17. Numbers and stage distribution of Calatzrts hyperboreus and Calafztts 
fifzmarchiclts of the old generation in samples from nets 7218 from spring 
1929. The situation of the stations is shown in fig. 31. The number of 
individuals of the new generation at the latest stations is given in brackets. 

1 Number of 

Station Dale Depth ' 9 "On 
100 meters 

I of houl 

/ Nurnber of 
females along 
I 100 meters d7 / of houl 1 

Total 



'Tab. 18 see pag. 106. 

Tab. 19. Numbers and stage distributiorl of Cnlaizus fitzrnnrchicrrs of new 
generation f ro~n  nets 7218 spring 1929. The situation of the stations is show11 
in fig. 31. The  lumbers given in brackets are the total rlumbers of both 
species investigated. x means that the stage has been observed in stnall 

nunlbers wbich have not been counted. 



Tab. 20. Numbers and stage distribution of Calnrzl~s hyperboreus of 
new generation frorn nets 7218 spring 1929. (See also Tab. 19). 



Tab. 18. Numbers and stage distribution of Cnlaizus fiizrnnrchicils and 
Cala i~ t~s  hyperboreus of old generation i n  samples from nets 42/25 

spring 1929. The situation of the stations is shown in fig. 31. 

1 --I / Number of 1 
Station females along ' 

n I I Depths I I 100 meters I I 

I I I / of the haul / 
I I 1 I 

1 Number of 1 
females along XI i 100 nleters 

1 of the haul 

3 14 1 
- - 1 
49 670 / 6 

X Totnl 

Tab. 21. Numbers and stage distribution of Calaizrrs finmarchici~s of 
new generation in samples from nets 42/25 1929. (See also Tab. 19). 

St. ; Date Depths Eggs ' I & I1 

i l  : I  

- 
m 

n = 
Totnl g I - 

2 %  I -a 
I 

13351 14 
31951 17 

29500 1 51 
6539 / 29 

10525 1 39 
254151 83 

-- 

VII VlII 

-- 

IX 

- i I - 
- / _ I -  
- / _ / -  

1731 - 
_ - I -  
695 - 

- 
- 
- 

I I -- 



Tab. 22. Numbers and stage distribution of Calanr~s hyperborcus of new 
generation in samples from nets 42/25 spring 1929. {See also Tab. 19). 

Tab. 23. Numbers and stage distribution of Calanus hypevboreus of 
new generation from nets 42125 spring 1929. (See also Tab. 19). 
- 

Station 

I 5 aJ 

2 %  
Date Drptli 111 1V VLI Vlll IX X XI Total 3 '$ 

2 2  aJ 

5 

I -  - 1 -  35 

0 ,  0 
I 

I l l4  75/50 680 - - 1700 12130 332 '263 - - 1 5110 36 
50110 - 1660 415 415 250 - 125 - ,  - 2865 '  11 
1010 - - - - - - 1 -  - - 0 1  O 

2414 5 0 / 1 0 1 2 1 0 , -  - l o 5  1 8 -  - I D  8  3 8 4  24 

Vertical distribution of the old generation of Calanus hyperboreus 
1928 and 1929. 

Th'e old generation of Calatzrts IzyperDorerrs in the inner area of 
the 2 stations 79 and 80, 414 1929, are found both in the deep layers 
of water, 300-150 and the overlying layers. The picture thus obtaiiled 
entirely corresponds to that shown by N o r d g 2 r d ' s material froin 
1899. Thus figure 29 rl shows Calanlrs finmarclzicrrs 712 1899 in the 



Figs. 32 a, b and c. Loilgitudinal section of the West Fjord 15. March-4. April 
1929. Calatz~~s finrnnrchicr~s is marked on each station to the left, Calanus hyper- 
Bore~ls to the right. a number of females per 100 meters, O numbers of larval 
stages per 100 meters, the hatched line gives the upper limit of occuriilg of egg of 
Calanirs /zypevboreas, c shows the distribution of temperatures. Station 80 has in 
a been moved somewhat to the left because of the space. The situation of the 
stations will appear from figure 31, further reference is also made to table 16. 

All hauls were made with nets 7218. 

course of upward i~l~grat ion.  Figure 30 f shows Cnln~lrrs /z)~perOoreus 
2913 1899 ill the course of upward migration. 

When the two stations 79 and 80, 1929, in the inner area 2.0 4- 
2214 were investigated a second time (stations 121 arid 119) we could 
for111 a good iclea of a complete vertical migration. The best conception 
of the vertical distributioi~ a t  that time is formecl from Table 18, the hauls 
45/25 being more specified than those which form the basis of Figure 
33 a. It will be seen from Table 18 that the most llumerous occurrence 
of the species is in the water between the depth of 25 meters and the 



Figs. 33 a,  6 and c. Longitudi~lal section of the \Vest Fjord 12. April-29. April 
1929. Cnlantis finnzarchic~cs is marked on the station to the left, Calnrrt~s Iryper- 
bore~cs to the right. a indicates number of females per 100 meters, b indicates 
number of larval stages per 100 meters, the hatched line gives the upper limit of 
occuriug of egg of Calarztrs /z\111erboreas, c sho\vs the distributio~l of temperature. 
The statior~ 135 has been moved some~iihat to the right because of space. The 
situation ot the stations will appear fro111 fig. 31. The shaded haul was taken with 
net 45/23 an3 have bee11 adjusted to diameter of 72 cms The other hauls were 

made with  lets 7218. Reference is also nlade to table 17. 

surface. In one case (Station 121), however, there are also co~lsiclerable 
numbers in the layers between 75 ancl 25 meters. At that titile the species 
call be characterised as  an entirely surface form in the inner part of 
the fjorcl. It shows a distributio~l entirely correspo~lding to the charac- 
teristjc clistributio~t of Cala~zrls ji/zl7~nrchicrrs as shown i11 Fig. 28. 

Fig. 33 a shows that the old generation of Calanrrs hjll~erborerrs at 
the second investigation of the area i11 the inner part of the fjorcl (Sta- 
tions 06, 103 and 135) is inore deeply clistrib~ttecl. A clearer pict~lre of  



t h ~ s  is given, however, by the inater~al froin 1022 where the outer parts 
of thz fjorcl are more fully represented In 18 hsuls betureen 10 111eters 
allel the surface 9 lndsv~duals of the old getlerat~oll of Cala~z~rs hjg1-7rr- 
boreus were caught. (011 a n  average 0,5 per haul). In 28 hauls 50110 
meters thcre were 7 specimens, an average of 0,25 per haul in  LO hauls 
75/50 ineters there were 21 specimens, an average of 2,1 per haul In 
15 hauls 100/50 meters there were 18 specimens, an average of 1,2 per 
kaul. In 2 hauls 150/100 there were 15 spec~nl~ens, an average ol 7 , i  
per haul The observat~ons extend over the periocl 19/3-2414 act1 
ch~efly cotllprlse s~lcl~vsduals whlch have drrfted otlt to  the ~lorthern area 
after vertical rnlgratlo~l (See Fig. 41) The ntater~al frost1 1929 artel 192% 
when conb~necl shows that the old ge~lera t~on  after vert~cal ~ n s g r a t l o ~ ~  
1s inore deeply cl~str~buted In the outer parts of the fjord than In thc 
inner parts. It seelils h~ghly  probable that the specimens s~nl i s  111to the 
deep water agam shortly after the vertscal m~gratlorls on account of the 
hlgher temperature a; the surface layers 111 the areas ~ n t o  nhich they 
have been transported 

Changes in Concentration of the Old Generation of Calanus 
hyperboreus, 1929. 

Figure 28 shows the characterislic change in concetltration of a 
specles which takes place immecliately after the a ~ ~ n u a l  vertic:il migration. 
We shall see how t11e species when it has  its distribution in the great 
dtpths gives a very high total catch in hauls isom the bottom and 
~ ~ p w a r d s .  It we compare the n~alerial from the atlturn~l 1928 will1 that 
from the spring of 1929, we find this pltenornenorl everywhere and in 
all cases the same order of dimensions. Figure 29 gives us a n  oppor- 
tcnity of following the various phases, even though the last phases are  

+ represented by slations where the bottom depth is great and where we 
should therefore expect large total catches. 

A comparison between Figs 32 and 32 a a t  once shows us that 
in the total catch of the ole1 generation of Caln~zus /zyperboreus there 
has  taken place a similar change in1 concentration. If we include the 
other stages, we oblainl (according to Table 17) the following figures 
for the tu7o stations. (79-121 and 80-119): At the first investigation 
414 collected fro= the bottom upwards, 2972 individuals. At the second 
investigation 2014-2214, 041 intdivi8duals. 

The high figures of the first time investigation are  not confirmed 
a t  the adjacent stations or by other hauls. The low figures a t  the 
seconcl time investigation, on the other hand, are confirmed by the 



hauls  45\25 a t  slation 120 a little farther in the fjord (see Fig. 33 a) 
and hauls a t  the same stations (see Table 18). 

A s  the differecce in the catch here is 01 very consi~derable diinen- 
sions and  a s  it is a phenomenon which has  always appeared where we 
have material showing changes in concentration after vertical migration, 
we should be able to state the following: - T h e s t o c k o f t 1.1 e o 1 d 
g e n e r a t i o n  o f  C a l a r z u s  l z y p e r b o r c r r s  i n  t h e  i n n e r  
a r e a  h a s  d i i n i n i s h e d  # d u r i n g  t h e  c o u r s e  o f  1 6 - 1 8  
d a y s  t o  o n e  f i f t h .  F o u r - f i f t h s  o f  t h e  s l o c k  h a v e  
b e e 1 1  c a r r i e d  a w a y  b y  c u r r e n t s  i n  t h e  u p p e r  l a y e r s  
o f  w a t e r ,  a n d  m u s t  b e  s o ~ g h t  f o r  i n  o t h e r  a r e a s .  

Horisontal distribution of the old generation of Calanus 
hyperboreus, Spring of 1929. 

I t  has  alreasly been meiitioned on page; 112-1 13 that ialnrzlls 
/,yperbore~~s was  lackin2 in N o r cl g % r d's representative material from 
the northern area  in Jannuary and the first half of F e b ~ u a r y  1899. 
7 

1 he species was  also lacking dttring the investigations a t  the same place 
In Jannuary and February, 1924, anld likewise in a section taken from 
Rost in a north-westerly direction out to the edge. The first catch of 
the species in vertical hauls w a s  a t  the close of the investig a t' ions 011 

11,4 a t  Station 172, the same place a s  Station 58 in 1929, where in a 
haul 75/20 meters there were caught 36 females which had spawned 
2nd 31 of Stage XI. (A very nurnerous occurrence). W e  can with 
certainty conclude that the species was lacking in the northern area 
before the vertical migration. 

I t  wili be seen from F ~ g u r e  32 n that before the completion of the 
vertical migration the species is only present in the inner area. A t  
Station 55 1513 4he old generation was entirely lacking (whilst the 
young stages of :he species and the old generation of Cnlarzils frlznzar- 
clzicus were numerously repre~ente~cl). T h u s w e c a n a s s e r t t h a t 
a t  t h e  b e g i n n i n g  o f  t h e  i n v e s t i g a t i o n s  i n  1 9 2 9  t h e  
o l d  g e n e r a t i o n  o f  C n l a n z ~ s  l z y p e r b o r e u s  w a s  o n l y  
f o u n d  i n  t h c  i n n e r  p a r t  o f  t h e  a r e a  i n v e s t i g a t e d  
o v e r  t h e  d e e p  p a r t s  o f  t h e  f j o r d  a n d  w a s  h e r e  v e r y  
n u m e r o u s .  

It wi!l be seen from Fig. 33 a that in the outer par t  of the fjord 
the species was present a t  the secon'd investigation of the longitudinal 
section. T h e r e  c a n  b e  n o  d o u b t  t h a t  w e  h a v e  h e r e  a p a r t  
o f  t h e  s t o c k  w h i c h  h a s  d r i f t e d  a w a y  f r o m  t h e  w i n t e r  



q u a r t e r s  a f t e r  I h e  v e r t i c a l  m i g r a t i o n .  W e w i l l n o t h e r e  
take into consideratiotl the question whether these individuals ill the 
outer par t  of the area  came from that part  of the inner area  which 
is  here i~lvestigated or from more southern winter quarters. 

Vertical Distribution of the New Generation of Calanus hyper- 
boreus, 1929. 

Figures 32 and 33 (see also Table 18) for the last itlvestigatiorls 1929, 
show that the vertical distributioil of the new genei-atiori of Cnln17us 
hyperboreus is quite different to that of the old generation. Whilst the 
latter was distributed in greatest numbers in hauls below 150 meters in 
the first time investigations of the inner area, the new generation was 
pr?~ct~callv spcakinq only found between 25 meters and the surface. -4t 
onc station one sees that the new generattorl can ~ l s o  be numercus rn 
liauls between 75 and 25 meters, but only in less than 11;)lf thp ~ l u ~ n b e r s  
of those found above 25 meters. We cannot decide front the existing 
material whether this 1s citte to speciai conditions a t  spawnitlg. A\s 
;;lreaclp mentioned, spciwniilg is  only sparingly represented in the 
~natei la l .  Nor do we know whether thc spawning stock h a s  grest  
vertical daily migratioils during the period when it disappears froin the 
deep waicr ancl gets its chief occurrence in the surface layers. i n  
Chapter I11 it is stated that external conditions may have a sti~iiulatitlg 
effect upon the rate of spawning, and we a r e  ftrlly justifiecl in raising 
the cj~rcstiotl whether the main spawtling only takes place in the coldest 
surface layers, and whether it is also ~lepen~dent upon the changes in 
light cluring day and  night. We must of course also reclron with the 
possibilities of the early larval stages being themselves able to change 
their place of abode during the first time of their existence. 

Changes in Concentration of the New Generation of Caianils 
hyperboreus in the Spring of 1929. 

i n  investigating the changes in concentratioil in the olcl generation 
we c2n of course assume that we a re  dealing with a constant stock. Urlder 
reference to the cornrng chapter oil the distribtltion of stages and tlie 
occurrence of spaw~l ing  we may here mention beforehand that also a s  
regards the new generation we a r e  dealing with a constant group. That 
par t  of the spawniilg which remai~le~d a t  the con~mencement of the 
investigations is of such 2 negligible size that it can be entirely ignored. 



During the very short time in consideration here also the mortality 
call be ignored. 

The two groups, the old and the new generation of Calarzrc~ hyper- 
lorezrs thus both offer a specially favourable opportunity for studying 
the cilanzes i l l  concenlration a i d  [he d r~f t inq  of the organisms with the 
ocean cursenis. A s  will be seen later oil, Calnn~rs finmznrchicus is iil ao 
way so iavot~rable for that k ~ n d  of study. Iii addition Cala~zrcs hyper- 
boreus offer l~articuiarly favourable circumstances because the old and 
ihe new generation each h a s  a different vertical disiribution. T n 
c i h e r  w o r d s  w e  c a n  d e c ~ d e  w h e t h e r  t h e  q u e s t i o n  
r e g a r d i i l g  c h a n g e s  i n  c o i ~ c e n t r a t i o i ~  i s  d e p e n c l e n i  
u p o n  : h e  d e p t h  o f  distribution. 

At the first investigation in the inner area  4:4, 1929 there was  a 
total catch at  the two stations 79 and  80 of 31 900 individuals of the 
ilew g~nera t ion  of Calcr/zas Izyperboreus. At the second investigation 
26314-22,4 there were 3125 individuals in the same hauls from the 
bottom ttpwarcls. In this last Investigation the numbers were also 
checked by hauls 45,23. 

W e  t h u s  h a v e  h e r e  a c h a n g e  i n  c o n c e n t r a t i o n  o n  
a f a r  l a r g e r  s c a l e  ' t h a n  t h a t  f o r  t h e  o l d  g e n e r a t i o n .  
O n l y  o n e t e n t h  o f  t h e  s t o c k  r e m a i n s .  N i n e - t e n t h s  o f  
t h e  s t o c k  h a v e  d r i I t e d  a w a y  a n d  m u s t  b e  s o u g h t  f o r  
i n  o ~ h e r  p a r t s  o f  t h e  a r e a  o f  d i s t r i b u t ~ o n .  

111 many respects Station 58 1513, 1929 is remarkable. The catch 
of the old gcileration of Calanzts jirz~~zarcFzicus is almost twice the size 
oE those in the other hauls of the same year. The numerous larval 
stages of Cnlalzus present were found, however, to belong to Calar7us 
/zyperborerts, a species which in the stage of the old generation w a s  
lacking in the satripie. (See Table 17). This however is  simply evplained 
by the da ta  already submittect. The station lies outside the winter 
quarter of Calantts Izyperboreus and was taken a t  a time when this 
species hacl by no means completed its vertical migration. The drifting 
with the upper layers of water ouhvar'ds is still of minimum dimensions. 
The larval stages oti the other hand, which always relnain in tbe upper 
layers, a re  in drift outwards. Galanus finnzai.c/zicus which completes 
its vertical migration more than one month before the other species a n d  
whose vertical distribution after migration practically speaking coincides 
with that  which we found for CaZanus izypevbore~~s in the new generation, 
shows a mass occurrence. May we nct simply use the new generation 
of Calarzrcs Izyperborerrs a s  a n  indicator of the origin and  drift of the 
old generatio11 of CaLanizs firzrnarchicus? 



Just one more remark before we leave the discussio~l of these 
questions of the distrib~tioir of Calalzlts lzyperboreus. It will appear 
froni Fig. 33 a that in the secolrcl investigation of the outer part of the 
fjord we found large numbers of Caianrrs lzyperboreus of the new 
generation. These a re  not, like ii~divi~duals of the old generation which 
a r e  carried there s in~ulta~~eously more deeply distributed here than in 
the inner area. 

Distribution sf Stages of the Old Generation of Calanus 
hyperboreus Spring 1929. 

In the corning chapter on the rapidity of tdeve!opment of the new 
generation of Calanus /zy/?erboreus all the observatioirs of that group 
will be given. It will appear froin Table 28 and Fig. 34 that a t  the 
beginning of the investigations 15/3 no later stages than I11 were caught. 
On  414 there were not caught later stages than VI ,  Stage X was no2 
observecl until 29,'4. We shall also see from Table 23 and Fig. 33 that 
the conditions in 1922 were very nearly the same. It will be seen from 
Table 15 that the winter stock a t  Drobak a s  late a s  1012 1929 corlsistecl 
of a very considerable group of stages X and XI, In the essential 
points this agree with the material from the autumn of 1928. It is 
therefore beyond doubt that all  the stages X and XI which we find a t  
the beginning of the investigations 1929 ai1~1 1922 and 1114 1924 are  
to be referred to the old generation. 

The distribution of stages in the spring of 1929 will appear from 
fable 17. With net 7218 tilpre were totally caught 63 iridivlctuais of 
Stnge X, 1308 of Stage XI, I male and 1783 females. 

'The male caught is the latest occurring male which has ever bee11 
caught olS our coast. The inaterial was  thus with this exccpliort collecteci 
after ihe occurrence of males. 

The ovidttcts in the feinales captured were carefully examii-ied. 1768 
females could be referred t o  the grotlp feinales which hael spawned. 20 
females had still many or a few eggs left ill the oviducts. 

In the chapter 0111 chdnges i r ~  concentration of the new generation 
of Calot~us /zyperbor.eus we h w e  already ii~entionecl that the main spaw- 
ning u7ere already finished at the first investigaiion of the inner area. 
Thls contention is further confirmed by the nuntbers given. As will be 
seen, only 1 2; of the females have not completely spawned. In adelition 
in nlost of the females which still had eggs therc only coinprised a veiy 
few of the total numbers. It thus amounts to merely some few per 
thousarld of the new generation which can still be reclioned with as a 



poss~bil~ty,  and changes of this dltnension will not play ally part rn 
ihe chai~ges ln concei~tratiori observed. 

There are however other sides of these pheno~nena which w ~ l l  be 
of interest in the consideration of the conditions of propagation of this 
species. 

At Stailon 79 there were caught in one haul, 300/150 meters, 212 
females of which one had 4 eggs left in the oviducts and 1 hacl 38 eggs. 
The remainder of the females had spawned all their eggs ancl the 
females in the hauls higher up had also spawned all their eggs. At 
Station 80 in one haul 3001150 1000 fenlales were caught. Anlong these 
1 had probably the whole number of eggs left, 1 had 60 eggs ancl 10 
hacl a few eggs left. The other fenlales were col~lpletely spent. 111 1 
haul 75/25 nleters at the same station 1 fetnale mias caught w ~ t h  1 egg 
lefi. Otlhcrwise all the females in the upper layers of water had flnishecl 
spawning. At Station 96 in a haul 200/150 meters there were caught 3 
females of which I had two o r  three eggs in the ov~dacts  on each sicle. 
At Station 103 there were caught 39 females of which 1 hacl several 
eggs left. At Statton 119 5 females were caught in a haul 5001300 
meters. 1 had spawned, 1 had all the eggs left, 1 had many eggs irregu- 
larly distributed in the ovary in a manner which has never been observed 
before, 1 female had eggs in period of growth left in the anterior par t  
of thz ovi~duct, 1 Sernale had undeveloped eggs during the growth periolcl 
and a few fullgrown a s  a remaincler in the whole oviduct. In a haul 
3010 150 meters a t  the same station there were caught 16 females of which 
1 had 54 eggs left. Otherwise all the females caught during the investiga- 
tions given in Tables 17 and 18 had spawned. - 

l he  cluestion here presents ~tself, u~hether at that time there stdl 
took place n ripeninq oT the sex organs, s o  that the group of females 
with eggs in the oviclttcts was still in formation, o r  whether we hav? 
before us a number of the stoclc with which spa-wnlng ilas not had the 
sarnz course as  with the main stock. 

IS of the 20 females with eggs in the ovid~icts hact fully developecl 
eggs only. 1 11.33 o11ly eggs in the growth perio:] in the front part of 
the oviducts and not, as  has always been the case in indivicluals observed 
In the act of developing eggs, througilout the whole ov~clucts. 1 indi- 
vidual hacl undeveloped eggs In the whole oviduct in add~tion t o  two 
eggs left after spawning, exactly the sanle picture as  that observecl in 
spawning individuals in culture (see p. SO). The most important factor, 
however, in coilsidering the questions raiseci is that none of Ihe females 
observed with eggs showed early stages of growth, eggs which had 
recently entered the oviduct froin the ovary. In addltion we must take 
into consideration the fact that only one male was  present in the material. 



W e  t h u s  a r r i v e  a t  t h e  c o 1 1 c I u s i o n  t h a t  c l e v e l o p -  
111ent o f  a ~ l i i t l a l s  r e a d y  t o  s p a w n  n o  l o n g e r  t o o l i  
p l a c e  i n  t h e  s t o c k  i n v e s t i g a t e d  i n  s p i t e  o f  t h e  
e x i s t i n g  e x c e s s  of y o u n g  s t a g e s .  

The next question is whether spawning actually took place. 111 
practically all cases the pictures shown by the investigations were exactly 
the same as  those observeel in spawning animals in cttlture. ,4 ntorz 
certain elucidation of the questioil is, however, given by the fact thai 
the new generation was  different in tltese cleels hauls where fer-izale:; 
with eggs were f o u ~ d  from that of the hauls from higher layel-s of 
water where females with eggs were >lot foutzci. As will appear fro111 
Tablc 20 it is just in the majority of these deep hauls that lhere were 
also fo~rnd eggs of the species, and the two stages I and El which were 
lzcliiizg in the higher layers of water as  early as 15.'3. 

W e  t h u s  a r r i v e  a t  t h e  r e s u l t  t h a t  a f t e r  t h e  l l z a i n  
s p a w n i n g  o f  C a l a n u s  h y p e r h o r e z ~ s  w e r e  f i 1 z i s h e c I  i1.1 
1 9 2 9 ,  t h e r e  t o o l i  p l a c e  i l l  t h e  d e e p  w a t e r  a m o n g s t  
; ~ n i i n a l s  w h i c h  h a d  ~ z o t  f i n i s h e d  t h e i r  v e r t i c a l  
m i g r a t i o n  a d e l a y e d  s p a w n i n g  d u r i ~ z g  t h e  w h o i e  
t i m e  of t h e  i n v e s t i g a t i o ~ i s .  

LVe have here befoi-e us  the remarkab!e fact tbat the various parts 
of the stock spawn at different rates. That part of the stock which 
migrates upwards spawns at high rates, ancl tlze minor part which 
does not nligrate tlp\vards with the others spaurns very slowly. Mai~y  
reflections will occur it1 considering such a phenomenon. Solne of 
these will be nzentionecl here, even though they rnay be of a hypothetical 
nature, because they will be of irnporta~zce for further problems. 

The prelimiizary investigatior~s which are mentioned on Page 79 
also appear to show that differeilces in environ~nent influence the rair 
of .pawning. Even thotlgh the experiments hitherto concl~rctecl are 
deficient, the diffel-cnccs in ,r!imcr:sions obser\re:l ;.re strch that they 
exclude chance. In acldition we Itnow from a nu~zzber of worlts on 
lower crustaceans how great is the influence of light and temperature 
upon all the physiological processes investigated (S c h LI 1 t z 1927, 
H a r v e y 1.329, B r o w ri 1929 and  many ot!zers). The resu!ts 03 the 
experiments rnentionecl was  that low ternperattrre and certain conetitioris 
of light stimulate the rate olf spawning. Both in the directicn of tempe- 
rature anmd of light the aizirnals which migrate upwards will enter an  
environment where botlz of these factors are  cl~ange~d, and will have the 
moast favourable ~onditio~ns for rapid spawning. 

One factor,  o ow ever, which is estremely cbscure, is that ,cluring the 
time ~f the vertical migration lhere takes place a selection of the 



~ndividuals into two groups, one which migrates upwards ancl one which 
iemains in deep water. A new and open question involuiltary presents 
itself. I s  the winter stock quite homogeneous in genetic resjsect? Are 
there present variations in the physiological reactions of the indivici~ials 
which a re  due to the fact that from a genetic point of view they are  
heterogeneous? By culture experiments B a n t a (1925) ancl I3 r o w n 
(1929) discovered in daphnii a recessive mutailoil which was demon- 
strated by a difference in reaction with respect to temperature. 

Another consideration seems me to be of interest for further 
invts:igations of these problems. In the many above mentioned samples 
from the winter conditions where females with fuilgrown unripe eggs 
in their oviducts were frequently found, the striking phenomenon was 
always found, that no spawning had taken place. No  visible quantity 
of eggs had left the oviducts, and no eggs or young stages could 
simoultaneously be found in the samples. In the above (1). 79) mentioned 
txperiments with living specimens irom such a safilple, it was found 
that a majority of the indivi'duals even in the course of the next few 
days coul:l ke brought into a lively and quickly finished spawning. 
It i s  of course not conceivable that all these samples containing females 
ready to spawn from the various areas  and various times take11 with 
exactly two days' interval should represent individuals !ust a t  the time 
when spawning was  about to commence. It is far  more reasonable to 
suppose that they come from a n  environment where the coilditions a re  
t o t  favourable for the occurrence of spawning. 

T a k i n g  a l l  t h i n g s  i n t o  c o n s i d e r a t i o n ,  t h e r e  a r e  
m a n y  f a c t o r s  w h i c h  p o i n t  i n  t h e  s a m e  d i r e c t i o 1 1 .  
W e  m u s t  a s s u m e  t h a t  t h e  o c c u r r e n c e  a i l c l  p r o g r e s s  
o f  s p a w n i n g  i s  d i r e c t l y  d c p e n t d e n t  u p o i l  v e r t i c a l  
m i g r a t i o n ,  e v e n  t h o u g h  w e  a r e  s t i l l  t l n a b l e  w l t h  
c e r t a i n t y  t o  i n d i c a t e  t h e  f a c t o r s  w h i c h  d i r e c t l v  
d e c i d e  t h i s  q u e s t i o n .  

From the above investigatiotls of the organs of generation of 'the 
female it must be regarded a s  certain that the formation of females 
ready to spawn no longer takes place a s  in the months of Jai i i~uary 
and  Februar!~. This is a reinarkable res~11t a t  a time when the winter 
stock consist of a large percentage of stages X and XI .  At the con- 
clusion of the spawning periocl ill 1929 this group of tile stock amounted 
to about 43 O/o and the females which had  spawned to about 57 Ole. 
If we reckon that the sex proportion is normal (equal nt~mber  of inales 
and  females), there a r e  about 27 VO of the winter stock which do not 
attain maturity. 



The present material does not perinit of a decision as to whether 
these 27 O/o of the stock later on attains maturity. The facts given in 
Chapter I I I  show, however, that we can conclude that they do not attain 
maturity in the folloivi11g 10 months. 111 the later spring months, in 
the summer months and  in the autumn months, in spite of a Large 
amount of material, there have never been forrnd males, females with 
eggs in the oviducts or early larval stages. 

The  fact that sex maturity is  so  sharply defined a s  to tirne, and 
can o n  1 y be denionstrated towards the cessation of iine winter condition, 
zippears to indicate strongly that the process of ripening is deperrdent 
upon dcfinite phlsical ~on~ciitions. The fact that the perio'd of ripening 
has such a sudden co~lclusion it1 spite of the existing larval stages, 
inldicates that the physical conditmns trpon which it ldepencls off ottr 
coast are only present ior a short time. These conditions will undoubtly 
be of the greatest importance for the conlplete u~lderstancli~lg of the 
causes of the geographical clistribution of the sl~ecies and cornl~arative 
investigations from year to year and  in other waters will be of con- 
siderable interest. 

Distribution of Stages of the New Generation of Csianus hyper- 
boreus during the Spring Cruises, 1922 & 1929. 

The  distribirtion of the old generation a t  the beginning of the 
investigations in 1929 showed that only a few per thousand of the 
toltal spawning were not completed. The few per thousand which 
rrmained were localised a t  great depths. Studies of the distribution of 
the stages of the new generation will serve to increase the certainty of 
these conclttsions a n d  to give supplementary information. 

It will appear from Table 20 that the three groups, eggs and  Stages 
I & I I  were never present in the rer~resentative samples lor the counting 
chambers of the matcrial from 1925). They were only found by careful 
sorting of larger par ts  of the samples, ancl could not be cleterminepd 
quantitatively by the methods employed. Jn other ~ v o r d s  they a r e  so 
scarce that they play no par t  in the quantitative picture of the new 
generation and its development. 

It will appear  from Table 20 that eggs and  stages I and I1 show 
a verticai distribution which quite correspond to the vertical distribution 
of the females of the old generation which have not yet spawned. 11: 

one case only (Station 79, 2510 meters) h a s  one individual been observetd 
outside the very deep waters, and then in a sample where the countings 
showed nearly 228 000 individuals of the other stages. 



The representative samples a n d  their content of the new generation 
of Calanus IzyperDaFeus thus afford a rare  olsportuility of studying 
spawning and the further course of development. We shall see later 
on how Calafzus fiizrnarclzicus on account of the very long spawning 
period, which had not culminated a t  the conclusio~i of the present 

Fig. 34. Graph showing the changes Fig, 35. Graph showing the changes 
in stage distribution in Cnlanus hyper- in stage distribution of Cnlnnlrs hyper,- 
boreus, necv generation, during spring borelrs new generation, during spring 

1929. (See also table 20.) 1922. The last observation is from the 
outer area where the stock probably 
is of a more southern origin and is 

therefore shaded. 

investigations, does not permit of stu,dies of the entire development of 
the new generation. 

The distribution of stages for 1929 will be found in Tables 20 & 
22. Fig. 34 gives a graphic represetitation of its changes during the 
periold of the investigations. 

It  will be seen that a t  the commencement of the investigations 
(1513) there were only present individuals of Stage I I I  of the new 
generation of Calnnus hyperboreus. It is true that not more than 29 
specimens were measured, but the sample was very well investigated 
outside the representative sample. Other stages were not found. 

The investigations of I929 thus took place after the iliaill spawning 
of Calrrrzrzs llypevboveus had finished. We can only deternline how long 



before 1513 it finished by a knowledge of the interval between the devel- 
opment of the fertilised eggs and the first moulting. The distribution 
sf stages in 1922 will be included here before the other data concerning 
the entire material is given. The distribution of stages will appear from 
Table 23, where it will be seen that only a very small number of indi- 
viduals from this material were measured. The reason is that in the 
material there was always a predominance of Cnlanrts finrnnrchicrts of 

Fig. 36. Graph showing the first Fig. 37. Graph showing the mean of 
appearance of the different stages the stages (table 24) of Cnlanus hyper- 
of Cnlnnr~s fzyperbore~rs of the borelts 1922 and 1929. 
new generation 1922 and 1929. 

(See also table 24.) 

tile new generation, so that in order to obtain n 1c.rge ~;tlrnber of Cnlunas 
hyperboreus it was necessary to make a n  almost overwlielming ntlmbe! 
of meas~lrernents. The main f~at t t res  of the c h a n ~ e s  in the dis t r ibut io~~ 
of stages, however, wlll appear clearly from the existing material. They 
a r e  represented graphically in Fig. 35. 

There is a close agreement between the material from 1929 and 
that from 1922. We shall see that the sample 1813 1922 shows a develop- 
ment which 1s more advanced than that on 1513 1929. But lhere 1s OIi? 

conmon feature, i. e. that there are not many stages present. 
There first arises the question whether fro111 the matern1 of the 

rlew generation we can conclttde that there was  some differelice In the 
spawning times in 1929 and 1922. 

It will be seen from Tables 20, 22 and 23 that the first time a stage 
of Calnl~rrs IzyperDoreas IS observed in the saniples many individuals 



Tab. 24. Changes in stage distribution of the new generation of 
Cnlanils hyperbowus after the breading season 1922 and 1929. Var. 
gives the earliest and latest stage observed, M + 3n1 has been calcu- 
lated by regarding the stages as variables. .j -- standard deviation, 
v I coeficient of variation and n =. numbers investigated. The dates 
given in brackets are from the outer part of the fjord where the speci- 
mens probably are of more southern origin. (See also Tab. 20,22 and 23). 

I 
Year Date Var. M i 3 m  i 3 = i I  V =  I n =  

1 18/3 ill V 1 4.06 & 0.24 0.48 1 11.8 35 
4 / Ill - VII 1 5.98 -t 0 69 21.6 40 1 414 111 - 1X 5 79 & 0 69 262 47 

I (2414) ill - Xi 1 5.10 & 1.54 2.52 49.5 1 24 

15/3 I i I  3.00 5 0.CO 0.00 0.0 1 2 9  
414 Ill - Vi 0.52 11.8 161 

1314 / V - VllI 6.58 5 0.3! 1.04 158 1 1 0 1  
2014 1 IV - VIII 6.38 + 0.21 0.80 12.5 126 ' 22:4 111 - VIII 6.49 + 0129 1.17 18.0 ( 144 

1 (29/4) 1" - X i 602 & 0.55 , I 
1 1.40 23.2 61 

can be observed. There have not been observed single instances of 
rndividuals of advanced development unconnected with the entire stocli. 
Fig. 36 graphically shows the first occurrence of each stage in the 
samples. We obtain regular curves \~ i t hou t  ~narkedly chance deviations. 
One must thus definitely conclude that the spawning in 1922 began 
one o r  two weeks earlier than in 1929. 

For  the further analysis of the distribution of stages the number ot 
the stage is regarded as  a variant and the number of each stage found 
as a frequency. A general survey of the values thus found is given in 
Table 24. 

Fig. 37 shows how the mean values appear for the two years. We 
shall also see that the mean value for 1929 lies lower for the first perioc! 
than for 1922, which also indicates an earlier spawning in its entirety 
for  that year than for 1929. 

There is one remarliable feature which is comnlon t o  the inaterial 
from 1922 and 1929. Under the assumption of a regular time of 
developilltnt for each individual stage and for each i~ldiviclual of the 
stock we must at the end of the spawning time find the same lluinbtr 
of stages during the whole time of the investigations. Both ill 1922 
and in 1929 from I to  3 stages were present in the samples during 
the first periocl of the investigations. When these are further developed 



there ~ 1 1 1  consta~~tly occur later stages In the samples, and III a corre- 
spondlng manner the ear l~er  ones should be expected t o  disappear. This 
however is not the case. I t  is true that we can follow the occurrence of the 
new stages (Fig. 36) but the earlier stages d o  not disappear. Stage iI1 
was the earliest stage found ill the surface layers in 1929 and 1922. In 
both of these years it was  present in large nunibers as  late as  2214- 
2414. Thus the assumption, of an eclually long time between each 
~ilouitlng and a regular rate of develop~lie~it for each incliviclual, dors 
riot holcl goocl. 

It will be seen from the flgures and tables produced that ihere is 
rro stage between 111 and X which is cl~stinguishecl by bemg slseclaily 
nuriierous In the samples. Tlius none of these stages can be ol parii- 
cular duration. The case is different with Stage 111. 11 occur cl~~riiig 
the whole t i~ne  of the investigat~ons, in spite of the fact that the influx 
of earlier stages call only amount t o  a few per thousand of the entire 
stocli. For Culalprts fi~rnzar.clzicrrs reared artlf~cially Lebour (1916 P. 3) 
states: )bNauplius Stage I I I  is much the corn~nonest stage and occurred 311 
the time the material was  being exami~led. The atiiliial probably stays 
sonie tune In this stage(<. It is highly probable that the present ~naterial 
goes to  show that the sarne is the case with Cala~lrrs /zyperboreus 

The other possibility that the vatious indivi3uals may have dilfe- 
sent rates of clevelop~uet~t is also highly probable. A n ~ m b e r  of worics 
on fresh-water copepods ancl Daphnids indicate a great variability i n  
sate of develop~nent and longievity. (See B r e h 111 1927 P. 475). Thus 
E k nl a 11 n (1900) shows i11 the case of Dia/~tonzrls Iacilziattrs that the 
time from the occurrence of the first nauplius until it beco~iies a egg. 
laying fe~~ia le  is in North Sweden only 2 months, in Central Europe 
10-1 1 months. B r o w ~1 (1927) shows how temperature with clado- 
cera tnay Lause great differences in the time between moultings, and 
i11 genetic respect he also shows that the various individuals may be 
heterogeneous. 

Inc~ivicluals in the area iilvestigatecl are exposed to cl~fferences in ;i 

nu~nber  of factors of environment, e. g .  nourishn~ent, temperature, sali- 
nity and light. It may perhaps be of interest it1 this co~inection to men- 
tion that the material from 1922 shows in general greater variation in 
the distribut~on of st2ges than the n~aterial from 1929. Tile inclividua!s 
isom 1922 are from the northern area and the ind~viduals frctil 1929 
mainly from the inner area. The northern area has througho~it higher 
temperatfires and salinity than the iilner area in these water layers where 
the j~ottng stages are distributed. The greatest variation both in 1922 
anel i-1 1939 is feu-nd, besides at the latest date, also at the outer stations 
where the temperstus: atid salinity were highest. 



Specially noticeable is the course of the mean value oi the clevelop- 
ment of the larval stages. Whabover the course of the brief period of 
spawning we should naturally expect to find the steepest rise in inear! 
mlue between the two stages V1 and VII. The exact opposite of this 
is, however, show by Fig. 37. But of course a number of other factors 
may here interfin. If the various stages are differently clisl-ributed verti- 
cally (and the material appears to show that this is not the case to any 
appreciable ciegree during- the daytime), they niay be sttbjected t o  a 
difference in changes in concentration. M o r  e o v e r i t i s 11 o t c e r- 
t a i n  t h a t  t h e  n e t  c a t c h e s  r e p r e s e n t  t i l e  v a r i o u s  
s t a g e s  h o ~ ~ i o g e n e o u s l y  a s  t h e y  a r e  d i s t r i b u t e d  i n  
t h e  l i v i n g  s t o c l i .  

If we consider the distribution of stages in the winter corrclition it 
clearly appears that a difference must exist in the rate of development 
of the various individuals. The spring material shows that certain indi- 
viduals even 2 months after spawning have .developed into stage XI. 
Other individuals have cluring the winter condition not aclvanced farther 
than Stage X, and even at the next spawning period and later, whe l~  
over 12 months have elapsed after the development of eggs, a number 
of individuals have not developecl farther than Stage X. The ~iiaterial 
does not allow us  to .d.eci.de yet whether this is the phenolmenon which 
can be traced already a short time after spawning, but it is a problem 
for future investigations which will be of great importance for the 
complete understanding of the causes of the geographical distributioil 
of the species. 

From a p~trely inethodical view this part of the inve~stigaiion affords 
a very important result. T h e p r e  s e 11 c e o f e a r  1 y I a r v a 1 
s t a g e s  o n l y ,  S t a g e  1 1 1  a n , d  o n w a r d s ,  o f f e r s  n o  c e r -  
t a i n  m e a n s  o f  d e t e r m i n a t i n g  t h e  d i s t r i b u t i o n  a n d  
t i m e o f t h e s p a w n i n g. The nu,merous individuals of Stage I I I  
present a t  Station 76 4,'4 1922, thus tell us  little of the actual spawning. 
'They a r e  from 75-150 kiloilleters distant from the nearest[ spavini~ng area 
from which they rn-ight have come. 1?!&--2 months have elapsecl since 
spawning and the temperatures is 2"-3" higher in the surface layers 
than a t  the place where spawniiig was found to take place. In order to 
map the spawning there is of course required far more thorough 
investigations of the entire stock and of the clistribution of the various 
biological groups. 

At the early ,date, vahen the investigations began, the picture was 
quite a different one. The later stages were then iaciting a~i'ci only the 
earlier ones were present. At that time we have the closest agreement 
between the observatiolls of the clistributioti of the old generation and 



of the new. At the commenceme~~t O E  the investigations we fin'd both 
groups with the same restricted distributioti. Together the two groups 
fully justify the conclusions regarding the occurrerice of spawning and 
the horiso~ltal lsositio~l of the spawning area.  

Causes of the Extent of the Spawning Area as regards 
Galanus hyperboreus. 

The data procluced in the Eoregoing- section will be sufficient for a 
determination of the causes of the limitations found in the spawning 
area  of Calarzas lzyperborerts. It i s  true a s  mentioned above that we 
lack a knowledge of the time in the winter conditio~z, when the species 
is a t  its greatest distance from the surface, a n 3  we only linow approui- 
mately how great that ldistance is, iioreover we lack analyses of its 
quantative extent in relation to the bottom depth during the time just 
before vertical migration, and we also lack to a considerable evtent a 
knowledge of the movements of the masses of water in the strata where 
the species is to be found before, during and  after vertical migration. 
M o s b y (1930) shows from the fjords near Bergen 3 different strata 
of currents, t h e  s u r f a c e  c u r r e n t ,  t h e  i n t e r m e d i a t e  c u r -  
r e n t and t h e d e e ls e s t c u r r e n t, each characterised by differences 
in the physical co~lditions of the masses of water and the $direction and 
rate of the currents. We cannot here decide whether these results froill 
the fjords near Berqen c3n be transferred to the fjords here investigated, 
but if the conclitions a r e  somewhat homogeneous they 1naj7 to a minor. 
degree esercise a n  influence upon the distribution of spawning. 

If we compare the distribution of the species in the inner area  wilh 
that in the northern area,  we shall iind in the winter conclition large 
r~timbers of the animals a t  great depths in the inner area. In the northern 
area  there a r e  lacking both great depths ancl animals. The winter con- 
dition is interrupted by a n  active vertical migration ill which all  groups 
of the winter stock, whether adult or not, take part .  During a n d  after 
this vertical migration the new generation appear,  and the mature 
females finish their spawning. During the iirst period after spawnitlo, 
both the new and the old generation of the species a re  closely restrictetl 
to the inner area and  above great depths. Thereupon occurs a great 
change in conce~~iration in the inner area.  The animals a re  scattered 
by the strong currents and may then be found even in the outer parts 
of the fjord. 

I n  o t h e r  w o r d s ,  w e  h a v e  h e r e  a p r e d o m i n a t i n g  
f a c t o r  i n  d e t e r m i n a t i o n  o f  t h e  p o s i t i o n  o f  t h e  s p a w -  



~ i n g  a r e a .  A s  t h e  s p e c i e s  w i n t e r  a t  s u c h  g r e a t  
d e p t h s  a n d  a r e  r e a d y  t o  s p a w n  b e f o r e  t h e y  m i g r a t e  
u ~ w a r d s ,  t h e  p u r e l v  t o p o g r a p h i c a l  c o n d i t i o n s  a r e  
d e c i s i v e  f o r  t h e  s i t u a t i o n  o f  t h e  s p a w n i n g  a r e a .  I t  
i s  o i l l y  i n  c o n n e c t i o n  w i t h  t h e  o c c u r r e n c e  o f  s u c h  
g r e a t  d e p t h s  t h a t  a w i n t e r  s i o c l i  w i l l  b e  p r e s e n t .  

The  other factors which rri~ght be thought important for deter- 
mining for the spswnlng area  can be put out of consideration. It is 
the occurrence of the spawning animals which is limited. If it were 
the physical conditions which caus- a lirn~tation in spawning we should 
find outside the spawning area  ~ndividuals which had not reached 
mattirity or which bald not spawned. Such animals have never bee11 
found, and a re  also lacking i11 the material in qltestion. It is true that 
we find a large percentage of individuals which clo not reach mattlrltp, 
but they occur in the spawning area  itself allcl are  scatierecl just after 
spawning. In addition we find a group of individuals (about I O/o of 
the stock) which show a delayed spawning, probably on account of the 
unfavourable condit~ons of environmertt, but these lndiv~duals a r e  onlj7 
f o u l ~ d  vertically separated from the bulk of the stock. Iiorisontal they 
keep w ~ t h i n  the limits of the spawning area.  

A s  regards the question a s  to the growlh of the larvae it is not 
irllpossible that we may find the conditions very different in the various 
par ts  of the area  i~lvestigated. A s  mentioned above, it i s  i~robable that 
even in the present material there is a difference in the rate of devel- 
opment. O n  the other hand we finti ~ndividtials which a s  regards rate 
of develcprnent a re  i^avourable situate3 i11 all parts of the area. It 1s 
quite possible that these conditions may mean much for the size and 
distribution of the winter stock, but they cannot be of importance a s  
regards the limits of the area  of spawillng. 

T h e  Spawning of C'afanus hype~boresrs in Relation to 
Temperature and Salinity. 

A s  already me~ltioncd, the material in question is not represen- 
tative of the bulk of the spawning o-f Cnlnrzus /zyperDoretts. It is there- 
fore :lot possible to state the limits of temperature and salinity under 
which spawning generally takes place in the Lofoten area. The delayecl 
spawning in very deep water takes place at  temperatures of 6O.5 to 7" 
and a salinity of between 34.50 arld 35 O/,,. If the greater part  of the 
spawning takes place ill the upper layers of water, the temperatures 
can not be lower than about lG.5  and the salinity not much below 33 '/,,,,. 



As rnentlonecl above, even beiore tlie delas7ed spawrilng was observed 
there had taken place a select~on w~thlii  the stock ltlto one part  which 
migrates upwal ds and another part whlch lemalns in deep watet. We are 
thercfore not allowed to conclude that tlie part whsch m~gra tes  upwards IS 

~ a p a b l e  of spawning under the same condlt~o~ls a s  that part which 
relnalns beh~nd.  On  the other hand the exper~ments mentioned on P. 79 
w ~ t h  ~ n d ~ v i J u a l s  from the Oslo Fjord show that normal ~ i i d ~ v ~ d u a l s  fro111 
that alea can s p a w ~ l  at temperatures as  h ~ g h  as  7O.5. 

'271th the observatlons illthe1 to subln~ttecl the m a n  data r e g a ~  ding 
dlst~lbution etc. w1il1 respect to Cdnnus  hylierboreus have been cleclll 
i ~ ~ t h  flnally. A few observatlons which remain, especially on the b a s s  
of the matel-la1 from 1922, will be mentioned when dlscuss~ng the con- 
di t~ons in the southern areas, P. 149 In the following the condltlons in 
wh~ch  spawning of Ca~arzrrrs flrzrnurc/l~~rts takes place and the leasons 
for the specla1 s ~ a w n i n g  area of t h ~ s  specles wll1 be discussed. 

Vertical Distrib.ution of the Old Generation of Cadanus 
fhmarchicem, March April 1922 and 1929. 

Ifiention has already been nlade on P. 93 of the circumstance that 
Caia~zrts firznzarchicus completes its annual vertical migration earlier 
than Caiaizus 12yperboreus. -The investigations ~ I I  1929 coincide with the 
time when Cnlanrts hyperboverts completes its vertical migration, whiIst 
if ha s  alrea,dy been coml3leted by ,Calarzus firzmznrclzicus. 

The 1929 material is the most complete as regards the great 
depths in the time af-ter the annual vertical migration of Cnlanrrs fin- 
nzarchicus. Tlie 1922 material has  only two hauls which a r e  repre- 
sentative of greater depths than 100 meters an'cl these hauls lie in areas  
where large numbers of the slsecies are  never preserit. 

It will be seen from Tables IS and 19 that large nrimbers of Calar?us 
,ii;rmzrr~chirrrs of the old generc?tion are only present at one station (Sta- 
tion 135) in hauls \vhich are representative of depths greater than 7'5 
meters. The greatest numbers a re  found in hauls between 25 meters anif 
the surface in cases \\ihere suck verv specified hauls have been talie11. 

We can summarise these observations as  follows: T h e g r e a t e s i 
t ; u n ~ b e r  o f  C n l n r z i r s  j i ~ ~ ~ ~ z a r c h i c u s  i n  t h e  l a t t e r  h a l f  
o f  M a r c h  a n d  i n  A p r i l  a r e  f o u n d  i n  t h e  s t r a t a  o f  
w a t e r  a b o v e  7 5  m e t e r s .  

Tlie question a s  to how the species of tlie old ge~leration i: distri- 
butecl between 75 nieters ancl the surface can hardly be settled on the 
basis of t h e  existing material. ]Here the question of the daily veri~cal 



nligration also arises, and the material is not very useful1 for an a~lalysis 
of this ~sroblem. It is true that the materral has bee11 collected at various 
times, both during the clay and in the lvorni~lg ancl evening, but ~t 
was  not collected at one place. 

The various localities are not very ho~llogeneotrs as regards the 
occurrence of the animals, and in large parts of the area t l ~ e  currents 
vary greatly. 

One factor, however, appears t o  indicate that the dally vert~cal 
migrations are not as  great as  e, g .  at  San Diego (E a s t e r 1 e y 1912) 
and at Plymouth (R u s s e l 1928). There have never been founcl large 
numbers of the species below 75 meters even in the inrddle of the day. 
if we calculate the number of animals per 100 meters (See Fig. 32 a, 33 a, 
39 and 40) we see that the material from 1929 shotvs that the greatest 
density of animals is found in the upper 25  meters and the materia! 
from 1922, where there are many hauls from between 10 meters a11:1 
the surface, very frequently shows the same phenomei~on for the upper 
10 meters (Tab. 25). This applies to a great extent to llauls talien in 
the middle of the day o r  in the afternoon. 

ldorisontal Distribution of the Old Generation of Calanus 
finmarchicus, 1922 and 1923. 

I t  appears from Table 18 (and Fig. 32 a )  that the olcl generation of 
Culnrzrrs jinmnrc/zicrts during the first investigation of the area in 1929 
had not the same strictly limited l~orisontal distributiort in the inner 
area as  Culal?~s  hyperboreus. We also find the species at the outer 
stations of the fjord. At the second i~~vestigation the number hacl in- 
creased in the hauls at the ouiermost stations. At the same t ~ m e  it w ~ l l  
be seen that the number at the middle stations (58 and 103) is higher 
that1 that- at  the outernlost station. The reason for this can better bc 
studied in the material from 1922. 

Fig. 38 shows the hydrographical co~lditio~ls during the investiga- 
tions in 1922. The situation of the statioi~s u~i l l  appear from Fig. 41. 
The temperatcrres observed are partly given in Table 25 where at tile 
same time we find the number of females and eggs of Calorzz/s 
firlnzavchicus in vertical hauls with nets of 42 crns diaineter and silli 14. 
For  reasons which will be further discussed in the section on the 
distribution of stages of the old generatioil we have decided to describe 
its horisontal distribution on the basis of observations of the number 
of females. 



Fig. 38. Map of surface isotlierrns i n  the area iilvestigated dtuing Alarc11-April 1922. 
The map also shows the various parts of the area ~lie:it~oi~ed 011 page 87. 

Flg. 39 represenis the number of females of Ccrlrri~rrs ju ; / l zarc / z~~! ;~  
in the section across the outer part of the fjord. The two stations 54 
2nd 56 lie in the southern area and show only a small occurrence of 
females of Calnrz~rs firzmavchicrrs. Station 57 In the 1101 thet n artt'i, 
however, shows an abundance of females. Without taking up a star~d- 
point with regard to whether this material is reliable or not, we can 
sum up the results s o  that the occurrence in the northern area is quite 
precloniinant, about 14 times as  high as  in the souther11 area. 

Figure 40 shows a longitudinal section from the outer part of the 
fjord in towards the eastern limits of the ~lortheril area. It should here 
be observed, (See the figures for the total catch), that the scale of this 
ftgure is 111uch s~naller than that of the foregoing one. We first see 
that the large catch frorll Station 57 was also made at Statron 33 whicfi 
has allnost the saine situaiion and the sanle physlcal C O I ~ C ~ I ~ ~ O I I S .  Ststton 
35 (which lies at a considerable distance fro111 land) shows a sn1allc.r 
occurrence. The number then increases greatly inwards to~7arcls Ilola. 
'The abundance here is confirmed at several stations (See Table 23), 
inter alla Station 43, which for reasons of space is not lncluded in  the 
figure ancl which shows the highest catch (461 females). 

Continued pag 132 



Fig. 39. Cross section from the outer part of the Lofoten area on the 9. April 1922 
with temperatures together with numbers of females (to the left) and eggs (to the 
right) of Cnlnnrcs finmarcfziclts calculated as numbers in hauls of 100 meters. Toial 

numbers are given beneath the number of the station. (See also table 25.) 

VareY Hmla 

Fig. 40. Longitudinal section along the Lofoten isles from V e r ~ y  to Hala 1. April 
-4. April I922 with temperatures together with the llumbers of females (to the left) 
and eggs (to the right) of Cnlanrrs finnznrckir~rs calci~lated as numbers in hauls of 

100 meters. (See also fig. 39 and table 25.) 



Tab. 25. Number of eggs and females of Calanils fi/zrnnvchictls in ver- 
tical hauls from the '"Corona" 1922. The temperatures at each station 
are given in the following manner: At 1010 meters the temperature is 
given for 0 meters, at 50110 for 10 meters, at  75/50 for 50 meters and 
at 100/50 for 100 meters. In the cases where 50 or more females were 
caught the proportion between eggs and females is given in the column 
i =. The station numbers in the northern area are shown by open type, 
and likewise all catches of more than 25 females and 5000 eggs. The 

situation of the stations is shown in fig. 44. 

I 
St. Date / 4 18l111 1 6 2"/111 7 20~111 1 8 201111 
-- ___ -________I -- 

Sum i I 

St. Date 1 13 241111 
I 
I--  

Depths Telilp ? ; Eggs 

I I I I I I 1  I I 

St. Date 30 29 111 32 291111 33 l/IV 1 35 111V 
-- I I -  

Depths i emp  9 1 Eggs t =; Temp $2 Temp 9 Eggs i = Tamp 9 Eggs 
I i 
3 I 

I 
1 

1 O!O 
501 10 
75/50 

100/50 

Sum 



St. ~ n t e  37 lrIV 39 1lIV 40 l/IV 43 411V 
-- -- -- --- --- I- 

Depths Tempi? I Eggs ll =!Temp1 ? I Eggs ' i =  9 1 Eggs li - I I - 

100150 

-- 
I 

- 

St. Datej 44 4/IV 51 911V I 57 9/18 
---- 1- 

Depths ~ e m p  Q (I5ggs ii 

1 68 22118 1 70 221IV 7 3  2211V 74 2211V 

lTemp( ? (Eggs Tempi 9 1 Eggs 

I s t  Date 1 75 2 2 1 1 ~  76 2 4 1 v  ( 80 27:Iv 
-- -I-__________I______ 

1 1 
Depths ( T e m p  Q ; Eggs Temp i 9 Eggs Temp 9 / Eggs 1 

I 

100150 5.5 



Fig. 41, Ailap showi~lg the station numbers (to the left) and the numbers of 
females Cnlanl~s finrnnrchirils (to the right) from surface hauls 

March-April 1922. 

These two figu1.e~ show in bioad outline the highest catch io 
coinctde with the lowest temperatures present. The next question :s 
whether this result holds gocjcl for a larger material. 

Table 25 shows the distribution in the vertical hauls from 1922. 
The stations 111 the ~ o r t h e r n  area, the number of fetl~ales above 25 and 
the number of eggs above 5.000 are printed in heavy type. LVe can thereby 
comparatively quiclily obtain a general view a s  to how the rich catches 
oil the whole are situated in the northern area and how very frieqcrent 
they are. Nulllerically the catch in the vert~cal hauls in the various 
areas is: - 

N o r t h e r n a r e a, 39 hauls, 2404 females, average 98 females 
per haul. 

S o u t h e r n a r e a, 19 hauis, 53 females, average 2.8 females 
per haul. 

0 u t e r a r e a, 9 hauls, 53 females, average 7 females per haul. 
T h e  o c c u r r e n c e  i n  t h e  n o r t h e r n  a r e a  a c c o r d i n g  

t o  6 7  v e r t i c a l  h a u l s  i s  t h u s  1 4 - 3 5  t i i n e s  a s  g r e a t  
i n  t h e  n o r t h e r n  a r e a s  i n  t h e  s o t t t h e r n  a n d  o u t e r  
a r e a s .  



From the crulse of 1922 we have 48 hauls w ~ t h  1 meter egg net 
at the surface. The cllstrlbution of the catch in the area will appear 
troin Flg. 41. It is possible that these hauls, especially if there are 
considerable daily migrations, are not as  character~stic as the vertical 
hauls. Thus the catches a t  Station 18, 39 and 40, are  the three largest, 
made in the late afternoon, which, however, is the case with a number 
of hauls which were not abundant. From the nu~nerical point of view 
the caiches a re  distributed over the various areas a s  foliows: - 

N o r t h e r n a r e a, 20 hauls gave 168 496 females, average 8425 
females per haul. 

S o u t h e r n a 11 d 0 u t e r A r e a, 28 hartls gave 26CO females, 
average 9 s  feinales per haul. 

T h u s  t h e  o c c u r r e ~ l c e  i n  h o r ~ s o n t a l  h a u l s  i s  
a b o u t  1 0 0  t i m e s  a s  l a r g e  i n  t h e  n o r t h e r n  a r e a  a s  in 
t h e  o u t e r  a n d  s o u t h e r 1 1  a r e a .  

It has been ~ n e ~ ~ t i o n e d  that the old generation of Cnlu~~zis  hyper- 
ljorerrs 1929 was more deeply distributed in the outer part of the fjord 
than in the inner part. Figs. 32 and 33 a show that the same can be 
the case also as regards the old generatlon of C U ~ C I ~ Z U S  ji~zt~zurcl~ic~rs. 

The material from 1929 shows little regarding the distribution 
within the various areas. Reference has already been made t o  the 
abundant catches niade at the middle s ta t~ons  in the fjord, (58 and 1031 
w h ~ h  fully correspond to those made in 1922. The inaterial confirins 
that when we search from the outer part of the fjord inwards we find 
an increase in the catch. Further inforniation on this point is also 
furnished, inside the investigations of 1922, in the inner area, (Stations 
79, 80, 119, 120 and 121) this increase does not continue. The catch, 
however, is still fa r  greater than that made, e. g .  in 1922, in the 
southern area. 

The horisontal mapping here made of the distribution 01 ilie females 
of Calanrts finrnarch~cr~s thus shows a predominant occurrence in the 
itlner and the northern areas. We shall also see later on that the same 
applies to the new generation. The phenoinenon here fourld is thus 
crltlrely the same as  that fourlcl by D a rn a s (1905) (see Fig. 2 a, 
P. 15) In the southern part of the Norwegian Sea. There is the same 
distribution according to certain isotherms 2s that found by D a nl a s, 
but the limiting isotherms of this area are, for the same species, different 
from those found by D a n~ a s in the Norwegian Sea. 



The Vertical Distribution of the New Generation of Calanus 
finmarchicus in 1922 and 1929. 

The vertical distribution of the new generation of Calarzus finmar- 
chicus in 1922 will appear from Tables 26 and 25 (comprise eggs only) 
and Figs. 39 and 40 (comprise eggs only). The vertlcal distribution in 
1929 will appear from Table 19 and 20 and also Figs 32 and 33  0. 

s have quite a predominant 

eggs and to  the later stages right up t o  the last copepodit stage (XI). 
We thus find here exactly the same conditions a s  n e t  with in 

Calanus hyperboreus. The new generation is more strongly concentrated 
near the surface than the olld generation. The phenomenon, however, 
is not so strongly pro~lounced a s  in Calan~ts izyperboreus. The new 
generation of Calarzus fi~znzarchicus is, it is true, equally strongly con- 
fined lo the surface layers, but the old generation of CaCanlts hyperborerls 
i s  more deeply distributed than the old generation of Calarzus f inmar~hi~us.  

Horisontal Distribution of the New Generation of Calanus 
finmarchicus 1922 and 1929. 

The 1929 material shows a close agreement in the ldistribution of 
the old and the new generation of Calanus firzrnarc/zicus. The conclitions 
will appear from Tables 17, 18, 19 and 21 and figures 32 and 33 a 
and b. However, the 1922 material is more suitable for studies of this 
phenomenon, not only because more hauls were matde in that year but 
also because those hauls show greater differences in the occurrence of 
the species. 

For reasons which will be explained later (se P. 142) we can 
regard the eggs a s  representative of the occurrence of the new generation 
of Calarllts finmurchirrs. O n  P.  133 mention is made of the occurrence of 
females of this species in the area  investigated. We have the following 
figures for eggs from the same hauls: 

T 11 e n o r t h e r n a r e a,  39 hauls 137 000 eggs, average 5972 
eggs per haul. 

S o u t h e r n a r e a,  19 hauls 9264 eggs, average 489 eggs per haul. 



0 u t e r a r e a,  9 hauls 5581 eggs, average 565 eggs per haul. 
We thus have here a predominating occurrence of the new generation 
in the northern area,  q~t i te  analogous to that found as regards females. 
The two sections, F igs  39 and  40, show how these eggs follow exactly 
the same laws of distribution a s  the females. We find a n  increase 
towards the north side of the fjord, and  a n  increase from the outer 
pa r t  of the fjord towards the inner area. 

The 1929 material a s  far  a s  it goes shows the same phenomenon 
(see Tables 19 and  21) and also shows large catches in the inner area, 
catches however, which a r e  not a s  great a s  those made in the middle 
par t  of the fjord. 

Obviously it would seem natural from the present inaterlal to study 
the proportion between the oltd anld the new generation. The material 
is, however, a s  regards time not very homogeneous, so that it is not 
suitable for comparative studies of the horisontal distribution of the 
rtew generation in lnroportion to tlle old, beyond what h a s  already been 
clone. O n  the other hand the proportion between eggs and females is 
very important for studies of the details of spawning. 

Distribution of Stages of the Old Generation of Calanus 
fitlmarckicus in 1922 and 1929. 

Table 16 shows that the winter stock in the middle of December 
1928 consisted almost entirely of the two last young stages, X and XI.  
Thus Station 364 10112 in the midtdle par t  of Vest Fjord tlle stock 
consisted of 89 O/o of Stage XI and  11 O/o of X. It was only a t  the most 
southerly and last station 374 in the Roms'dal Fjord that females were 
found in the samples. This is the station where also Cnlnrzus Izypcrboreus 
exhib~ted a more advanced development, and  it is in a n  area  where by 
compariso~l with R u u d's material ( R u u 'd 1929) it will be seen that 
the spawning period is far earlier than in the Lofoten area. 

The situation 1513, 1929, in the Lofoten area gives a quite different 
picture, a far more advancod development towards the spawning period. 
Table 17 shows the distribution of Stages a t  that time. The stock then 
consisted of 55,4 O/o females, 22,4 O / o  males, 16,6 O/o Stage XI  and 
5,6 O/o Stage X. Table 19 shows that no young stages earlier than X 
were present. A very large number of the females had eggs in their 
oviducts, but the eggs in all  cases observed were a t  a very early stage 
of development. In other words the sample shows a time when spaw- 
ning had not commenced but which a t  the same time gives evidence of 
a n  approaching spawning. 



The further c~istribution of stages during the t ~ m e  con-il3rised by the 
investigations will appear  from Tables 17 and 18. I t  will be seen that 
throughout that time the larval stages XI and X were found. As late 
a s  22,4 the ,development of the new ge~leration had not advanced beyond 
Stage IX, so that we can assume that individuals of Stage X still belong 
to the old generation. 

On April 4th a t  Station 80  we fil-ict the following distribution per 
cent of the stock: 76,Q O / o  females, 0,2 O / o  males and 18,s O / o  of Stage 
X I .  At that time most of the females had eggs in their oviducts, but in 
addition to the earlier stages we also find fully +developed eggs and  we 
get the same picture of spawning -females a s  that mentioned in the case 
of Cnlaizus lzyperboreus. 

2914 (Station 135) was the last date investigated. It is possible that 
the 'distribution of stages i s  somewhat, #dlifferent in the outer part  of the 
fjord where that station was taken, but this will not cause any esse~ltial 
change in the whole picture. The distribution per cent was  a t  that time' 
61 O / o  females, 29 O / o  males and 10 O / o  olf Stzge XI. At that station 
there were observed females with spermatophores (this is a s t t rpr is i~~gly 
rare phenomenon, and is  therefore certainly not a relliable means of 
estimating the begir-ini~lg of spawning) ancI females with eggs a t  all  
stages of development. 

T h r o u g h o u t  t h e  t i m e  c o m p r i s e d  b y  t h e  i n v e s t i -  
g a t i o n s  i n  1 9 2 9  w e  c a n  t h u s  c o n c l u d e  t h a t  r i p e n i n g  
o f  f e m a l e s  r e a d y  t o  s p a w n  c o 1 1 s t a 1 1 t l y  i o o k  p l a c e .  
A t  t h e  e n d  o f  I-l-ie i n v e s t i g a t i o n s  t h i s  p r o c e s s  w a s  
b y  n o  m e a n s  c o m p l e t e d .  

It would require too much space to give all details observed concer- 
ning the distribution of stages of the old gel-ieration in 1922. D u r ~ n g  
the course of the in~estigat~ions it exhibited very nearly tlie same picture 
a s  in 1929. Thus on 2013 we find a t  Station 7, 293 individuals of the 
old generation showing the following distribution per cent: 75 O / o  females, 
3 010 males and  22 010 of Stage X I .  O n  114 a t  Station 40 we find 31W 
individuals with the following ,distribution: 95 O/o females, 1 O / o  males 
and 4 010 of Stage X I .  Males occurred it1 small numbers right up to 
the end of the investigations 2414. At  that time the new generation w a s  
so far advanced thai the number of larval stages belonging to the old 
generation could not be determined. 

4 s  will be seen from the figures given, the larval stages are  fewer 
in the old generation in I922 than in 1929. Another remarkable result 
which to some extent will appear from the tables is  that the distribution 
sf stages is not always homogeneous a t  the varlious depths. This  is 
perhaps besf illustrated by the conditions a t  Station 40 in 1922. The  



crlstribution per cent In vert~cat hauls h a s  already been mentioned. In 
the horiso~ltal s ~ ~ r f a c e  haul where the catch was 108 000 i~ldivlduals it 
was not possible in spite of a very careful examination to find any stage 
except females. 

The catch from vertical hauls in 1922 was fixed in Flemming's 
fluld, and studies of eggs in the oviducts could therefore not be made 
11i surface hauls throughout the whole period of the investigations there 
were found fe~nales with eggs at all stages of the period of growth. 

W e  c a n  t h u s  c o r l c l u d e  f r o m  t h e  d i s t r i b u t i o n  o f  
s t a g e s  a n d  t h e  d e v e l o p m e n t  o f  e g g s  t h a t  i n  t h e  
p e r i o d  c o m p r i s e d  b y  t h e  i n v e s t i g a t i o n s  i n  1 9 2 2  
animals r e a d y  t o  s p a w n  w e r e  a l w a y s  p r e s e n t .  

The Distribution of Stages of the New Generation of Calanus 
finmarchicus 1922 and 1929. 

The clistribution of stages in 1922 will appear from Table 26 and 
Fig. 42. That In 1929 will appear from Tables 19 ancl 21 and Fig. 43. 

15 will be seen froin Table 19 that at the beginning of the investi- 
gations at Station 58, where a s  already mentioned there was  a large 
occurrence of individuals of the old generation almost ready t o  spawn, 
no eggs or  larval stages were present, Spawning had not yet com- 
menced here. The other early samlsles both those from 1929 and from 
1922 are characterized by the presence of eggs, some times in consicl- 
erable quantities, and by srnall quantities of early stages. The later 
samples constantly show a rich invasion of eggs and a successively 
rapid further development, s o  that as  early as  2414 we find individuaIs 
of Stage XI  and the same stage on 29,4 1929. 

011 account of the steady increase of eggs the new generation of 
Cnlarius fi~rmzarclzicus will not constitute such a constant group of 
plankton as  the new generation of Calalzus hyperhorerrs. Without an 
exact knowlegde of the invasion of eggs we cannot therefore stucly tlie 
rate of developn~ent of the various i n d i ~ i d u ~ ~ l s ,  but as  was done in the 
case of Calanus hyperborezzs we can study the earliest occurrence of 
the various stages. 

I t  will be seen from Tables 19 ancl 21 that also in the case of 
Cnlu~lrls finmarcizicus this first occurrence of a stage is not a chance 
concrption. Separate individuals differing from the entire stock were 
never observed. On the contrary, the stage at its first occurrence is 
regularly connected with the foregoing stages. 



Tab. 26. Numbers and stage distributiort of Calarzus finmarc/2icus of new generation, spri11g 1922. (See also Tab. 19). 

--  - - - - - - -  

St. I Date / Depth pi- ( 1 & 11 I I11 I IV I V I VI I V n  I Vlll I IX  I X I X I  I Total Number 
determinated 

4 1 1813 5015 2400 85 

6600 
790 

3500 

68 1114 75/50 2800 4100 1700 
50/10 8300 12200 - 
1010 20000 17100 1860 

76 

- 
16 - - 

3170 575 575 

- 1  __ 

595 -- 
232 - 1120 

4700 

680 
5400 
7900 

2414 

- - 1 - 3251 1 144 

1 9 9 0 1 2 5 0  210 

910 
2800 

50110 

1010 
1600 

274 
406 
350 1070 1 

1 680 - 
6100 1 2500 
9300 1 4200 

1690 1 2450 

5031 5 
41062 

102580 

- 
- 

840 

- 

- 9960 60 
- 35598 203 
- 60830 1 5  

- 

440 
470 

I85 

58 I - 
I -- I - 

- 
- 

2 2 0  110 93 78 8116 1 103 



An irregularity will at  once be noticed in Tables 19 and 21, where 
the material for the new generation is arranged in point of time. Thus 
on  1513 no  spawning has commenced. On  19/3 the development has 
reached Stage V. On 1214 Stage IX was  observed, 2014-2214 (Table 
21) there are no  stages later than VII. This irregularity in the distribu- 
tion of stages is found throughout the material. 

If we arrange the material according to areas we obtain a~lother 
aspect. Fig. 44 shows the first occurrence of the various stages in the 

Fig. 42. Graph showing the changes of stage distribution 
of the new generation of Calani~s finmzarclric~rs during the 
investigatio~ls in 1922. The distance between the base 
lines of the graphs indicates the time between the stations 
selected. The last observation is from the outer area where 
the stock probably is of a more southern origin, and the 

curve is therefore shaded. (See also table 26.) 

inner half of the fjord as  compared with the first occurrence at the 3 
outer stations. We notice a characteristic and general difl'erence at the 
two localities. T h e  f i r s t  o c c u r r e n c e  of t h e  v a r i o u s  
s t a g e s  l i e s  a b o u t  2 w e e k s  l a t e r  i n  t h e  i n n e r  h a l f  
o f  t h e  f j o r d .  

T w o  possibilities are cotlceivable t o  explain this phenomenon. I t  
inay be due (to a difference in the rate of develolsinent of the individuals 
in the inner and the outer parts, o r  it is possible that it is dtte to a 



difference in the (time of spawning in the inner and the outer paris. 
Moreover it inay be due to  both factors in canbination. 

If it was  entirely due to  a difference in the rate o'f clevelopmeiit 
within the area it must be assumed that spawning coln~nenced in sthe 
days between 1513 and 1913. For  on 1513 we found a number of ani- 
mals ainlost ready t o  spawn in the inner part of the fjord, but no  
larval stages. On  1913 we find in the outer part a developlnent which 
has advanced as  far as Stage V. If we also take in~to consideration the 
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- V I I I  

. V I  
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,m,,,, ,,.,, 1929 b . IV - 1922 . I11 ;: 

Fig. 43. Graph sho~ving the changes Fig. 44. Graph showing the first appearance 
of stage distribution of the new ge- of each stage of the new generatio11 of Calanlls 
neration of Calarzrrs finnzarchicr~s finnzarchicas during 1922 and 1929, during 
during the investigations in 1929. 1929 from the inner part of the fjord (b) and 

(See also fig. 42 and table 19.) from the outer part of the fjord (a). The 
part of the graph for 1929 b, which is nlarlied 
with ? o~ily de~lotes that the graph cuts the 
base line somewhere after the date 15. March. 

(See also tables 19, 21 and 26.) 

circ~rnistance that a s  late a s  4,:4, in the inner area we only iin'd a very 
few indi\:iduals which have developed as  far a s  Stages V and VI, it 
tviust be evident that we are confronted with a difference in spawning 
time between the inner and the outer parts of the fjord. In the outer 
area spawning, must have commenced several clays before 19;3. In the 
illner area it can not have begun till after 1513. Assuming that thc 
indivicluals in the samples 1913 in the outer area are praaiically speakilig 
equal!y developed as the individuals in the samples 414 In the inner 
area, we have a difference in spawning time which very closely corre- 
sponds t o  the difference in time of Ithe first occurrences oi the various 
stages lh~oughout  the time of the investigations. 



We can thus conclude froill Fig. 44 that t h e r e i s a d I I f e r - 
e n c e  i n  s p a w n i n g  t ~ m e  f o r  C a l u i z r r s  ] i i z n z u r c / z i ~ n s  
f o r  t h e  i n n e r  a n d  t h e  o u t e r  h a l v e s  of t h e  f j o r d .  

O n  Fig. 44 there is also marked the first occurrence of the various 
stages in 1922, when material only comprises the outer part oi the 
flord. Considering the errors which such a curve 11lust necessarily 
show, (for with close observations one must obtain a Statr-case shaped 
curve) the curves for the outer area in 1922 and 1929 coincide 
surprisingly well throughout their course. 

W e  c a n  t h u s  c o n c l u d e  t h a t  t h e  t i m e  f o r  t h e  
c o i n m e n c e i n e n t  of s p a w n i n g  i n  t h e  o u t e r  p a r t  o f  
t h e  f j o r d ,  i n  t h e  y e a r s  1 9 2 2  a n d  1 9 2 9  c a n n o i c  h a v e  
v a r i e d  g r e a t l y .  

Speaking generally, the observations of the distributioil of stages 
of the new generation completely confirm the observations of the distri- 
bution of stages of the old generation. S p a w n i n g o f C a i n n u s 
f i n n t a r c h i c z c s  t o o k  p l a c e  i n  1 9 2 2  a n d  i n  1 9 2 9  
t h r o u g h o u t  t h e  t i m e  c o m p r i s e l d  b y  t h e  i n v e s t i g a -  
t i o n s .  O n l y  f r o m  t h e  i n n e r  p a r t  o f  t h e  f j o r d  o n e  
s a m p l e  w a s  ~ o l l ~ e c t e d  b e P o r e  t h e  c o m m e n c e m e ~ ~ t  o f  
s p a w n i n g  i n  t h a t  p a r t  o f  t h e  a r e a .  

Spawning of Calanus finmarchicus, 1922 and 1929. 

We have alrec?dy in the foregoing pages described a number of 
features regarding the spawninq of Calarzrrs firznzarcl~icus. Thus we 
have found that the species is 5dtstrib~tted over the whole of the area 
i~~vestigated, but that there is a considerable difference in its quantity 
in the different parts of the area. By studying the distribution of stages 
of the old generation it has  been shown that spawning takes place 
throughout the time compi-ised by the investigations. Studies of the 
distribution of stages of the new generation confiirm t h ~ s  result, and 
hlso show that there may be a difference in the time for the occurrence 
of spawning i11 the various parts of the area investigated. 

The question now remaining, and one which is of great importance 
for the general par t  of this work, is whether spawning takes place on 
ihe same scale in the various parts of the area. We have aiready shown 
both for the new and the o5d generation that there is a nu~nerically 
l~redominating occurrence in the northern area. Thds occurrence can 
be limited to the isotherm for 3 O . 5  1922. I t  is the same pheilomenon 
which D a m  a s (1905) found in the southern part of the Norwegian 



Sea and whicll he rnterpreted to Intan that ~t was the temperature which 
was clecisive for the lr~nitation of spawning. It  is of course quite 
a s  concetvable that we a re  here only confronted with a difference it1 the 
occurrence of spawning animals, and  that the production per number 
of individtials of the old generation is  equal within the area.  

A s  already mentioned previously, it would be natural to examine 
whether the lsrolsortion between the old and  the new generation is diffe- 
rent within the area. An ~nvestigation of this kind, however, would be 
difficult to carry out. The new generation forms a plankton group which 
throughout the time of the investigation is sobject to a great iilcrease. 
The  material is so heterogeneous a s  regards time that by studying the 
proportion between the old a n d  the new generation in its entirety we 
a re  obviously unable to arrive a t  exact and  comparable values. 

The case is different if we select the eggs a s  characteristic of the 
new generation, but even then we musf not make too great demands upon 
the exactitude of the investigation. There a r e  many unknown factors w h ~ c h  
must be of importance, and which quite conceivably may be different in 
the various par ts  of the area.  Thus as regards Cala/zus hyperboreus 
we have alreacty seen that considerable differences may exist in the rate 
of spawning of the various individuals, and that this rate of spawning 
influenced by factors of environment. It is of course highly probable 
that environment may also have a strong influence upon the time it 
k k e s  for c'evelopment of the eggs into free nauplius. Other factors, e. g. 
vertical migrations and dispersion by currents are also likely to influence 
Ihe proportion between females and  eggs. There a r e  many links in the 
chain which must left out, but on the other hand if the ~ s o t h e r n s  form 
border lines for the spawning, the differences would have to be of such 
dimensions that they woulcl a t  once be visiible in the material. 

There a re  many things which speak in favour of the proportion 
betweera females and eggs being a n  important aid to the further study 
of spawning, its course in time ancl its relation to the various par ts  of 
the area  in which the species is founcl. I therefore venture to introduce 
a special term of designating this dimension, which will here be called 
ihe i n t e n s i t y  o f  s p a w n i n g .  

The first condition for comparative studies of the intensity of spaw- 
ning is that the material sho~i l~d be collected in nets of such a flne mesh 
that the eggs cannot slip through the meshes. For stubdies of this ratio 
there will here only be employed that par t  of the material which was 
collected in silk No. 14 (1922) and 25 (1929). Nets 8/72 a s  a rule 
allow the eggs to slip through. 

It h a s  already been mentioned that in Mal-ch 15th, 1929 spawning 
ltad not commenced in the inner part  of the fjord. Thus  a t  that ttme 



we can regard the intensity of s p a w n i ~ ~ g  = 0,  even through there a r e  
r!o hauls wit11 fine silk nets. (There were onlg7 6 hauls with fine meshed 
:jets in 1929). Figure 45 sllows how the intensity of spawning appears  
In 1929 based upon this material. We shall see that a t  the conclttsiorr 
of the i~lvestigatiions the intensity was  very high. 

Already Figs  39 and 40 for 1922 already show that there is a 
certain proportion between tile occurrence of lemales and eggs in the 
material. A better material for the study of the intensity of spawning 

Fig. 45. Proportion between the number of 
females of Calnnrcs finrnnucfzicus and number 
of eggs during the iilvestigations 1922 and 
1929. The actual numbers are given beside 

each observation. 

is found in Table 25, where all the observations are collected. I t  will 
appear  from this table that the illtensity of spawning is a variable 
quantity. It varies greatly from one haul to another, and  we only find 
~t somewhat constant where a large catch of females is  made. For that 
reason it i s  here o:lly used where the catch of females is large. For  
stutdies of changzs in intensity of spawning in time and its magnitude 
in the various par ts  of the area  investigated only the average of all the 
observations call of course give relatively reliable values. 

It will be seen from Flg. 45 that the intensity of spawning for 19212 
shows the same feattlres a s  that for 1929 we find that it is very low 
a t  the b e g i n n i ~ ~ g  of the investigations and  high a t  their conclusion. The 
figure shows that there cannot be a very great difference between the 
co~nmencernent of spawning in 1922 and in 1929, the same result which 



has  airealdy been found by studying the distributiorl of stages ol the 
riew generation. 

In 1922 the intensity of spawning in the various lsarts of the area 
was as follows: 

N o r t h e r n a r e a (39 hauls) ---- 57. 
S o LI t h e r 11 a r e a (19 hauls) - 170. 
O u t e r  a r e a  (9  hauls) - 81. 
Although the variatio~rls 111 the intensitj~ 01 spawning appear  lo be 

SO great, it is quite conceivable that the high intensity of spawning in 
the southern area  is  simply 'due to chance, aeci that the material i s  not 
sufficieiitly homogeneous in point of time. The entire material shows, 
that with our present methods we have no basis to cotlclude that 
spawning is confined to certain isotherms. An equally active if not 
more active spawning takes place outside the area where the main 
production of the species takes place. 

T h e  r e s t r i c t i o r l  o f  s p a \ v n i ~ l g  t o  c e r - t a i n  i s o -  
t h e r m s  i s  f i r s t  a n d  f o r e m o s t  d u e  t o  a h e t e r o g e -  
n e o u s  o c c u r r e n c e  o f  s p a w n i n g  a n i m a l s  i n  t h e  a r e a  
i n v e s t i g a t e d .  

O n  the basis of the prese~lt  material we can state that the duration 
of spawning for Calanus Jirzl?zarc/zicus is a minimum of 1 ' 4  months. 
We do  not know, however, whether females of this species like those of 
Cnlanus lzyperboreus only spawn once. Neither do  we know what time 
it takes for the egg to develop into a free nauplius. G r o b b e n (1881) 
states that it takes 24 hours, but makes no claim to this figure bei~lq 
reliable. In  spite of our lack oi knowledge of these conditions, it must 
even a t  this stage be allowed to point out that the values for the inten- 
sity 01 spawning closely approach the figures for number of eggs in the 
oviducts in the females of Cnlnrzus finrnarc/zicus. Closer investigation 
of these conclitions should tell us  something regarding this question which 
is of such important for the methodics of plankton investigation. Are all 
groups of zoopla~lkton caught homogeneously in the nets, or cloes there 
take place for unknow~l reasons a selection of the varioas groups? 

Spawning it1 relation to Temperature and Salinity. 

Spawning a t  the lowest temperature and salinity observscl in the 
area was  recordei! a t  Station 119 on 2014, 1929 with a haul 2510 meters. 
The temperature was 1 " .IS-1 " .58 C. and the salinity 32,05 'I,,,, - 
32,73 '/,,,,. The sample contained numerous females of Cnlunus finmar- 
chicus with eggs in the oviducts, eggs a t  different cleavage stages and 



both early and later larval stages. The haul was very rlch and lively 
spawning must have taker1 place in these water masses. 

Spawning ln the upper layers of water was observed 111 19'22 at 
temperatures up to 5" (Stat~ons 75 and 76) arid sallnity up to 34,80 "I,,,,. 
111 1920 spawning was observed 111 the upper 75 meters at 4" .0'3-5 ' . l O  
a11d sal~nity 33,75 "/,,,,-34,42 "I,,,, more over in a number of deeper hauls 
uere fou11d females with eggs ancl eggs In different cleavage stages, 
ant1 also both early a r ~ d  later larval stages. As regards Cnlulrtta 11jip~r.- 
horclts of w111ch eggs and the two first larval stages werc rlever found 
1:. the sl~rface layers, there can be no doubt that spawning really too!< 
place in deep water. The case 1s different with Calalirls finmzarcl?irrt\. 
Here one must always take ~ n t o  consideration that a small quantity fro111 
the surface hauls may remain in the nets, and get mixed with the catch in 
deep hauls. Such ~ndividuals which are not removed after the net has 
bcen cleaned will, however, be more or less dried or squeezed, so that 
they may at once be recognised in the samples. It is hlghly probable 
that the females and eggs observed in these cases came from spawlllng 
1:1 deep water, wlth temperatures up to 7" and salinity up to 135,00 "I,,,. 

Causes of the Spawning Area of CaIanus fjnrnarchicus. 

If we take ~ n t o  conslderat~on the possib~llty of certain mirlor tnodl- 
flcations (See P. 124) the extent of the winter area of Calanlrs hyppr- 
horeus 1s quite declsive for the situation of the spawning locality. Spaw- 
n ~ n g  takes place during or immed~ately after the annual verticcll mtgra- 
tion of the specles, and spawning takes place before the great changes 
I:I concentration after the vertical migration exercises ~ t s  effects 

The spawning localities of the two species here invest~gated, 
Calalzus hyperborerts and Calarzrts finmarchicus, differ greatly. The 
spawning of Calatzus hyperOnreus is very sharply restricted to the 
inner par ts  of the fjord. If we use the surface isotherms a s  a border 
line, i t  falls both 111 1922 and in 1929 within the isother~iis of 
2" and 3'. Spawning of Color/ns ji~~mzurcl~ir.tts extends over a muc.11 
~ i d e r  area. 111 the f ~ r s t  case it 1s not so sharplv clef~necl. Honson- 
1;1lly, spawnir~g has been found everywhere 111 the area ~nvestigated, 
:rl~d II 1s also probable that spawning has talten place whcre\rer the 
area was invest~gated vert~cally. But cluant~tatively there IS an enor- 
mous difference between the varlous parts of the area. Thus the nor- 
thern part differs froin the southern and outer parts in that ~ t s  produc- 
ti011 of the new qeneration is about 20 times a s  great. 



What  the11 are  the causes of this condition of spawnlrrg ot Culurr~ts 
)i17/11nl-~hr~.rrs? Where111 11e these differences between the two species 
~nvestigated ? 

There  is no essential d~fference betwee11 the d ~ s t r l b ~ i ~ i u n  of' the 
Iwo specles In the w ~ n t e r  stock. Both specles have their grz*itest d ~ s t r i -  
bution at such great  depths that  large quantities of them can only occur 
111 the inner par t  of the fjord clurlllg the winter p e r ~ o d  C(rl(tnrr5 11yper- 
horerrs, however, 1s somewhat more deeply distrlbuted t h m  Crrlontr~ 
finmur~hrrtts. Both the rnater~al  from 1 0 8  dnd that of N o r tl g r cI 
from 1899 show that  in December, Jannuary  ancl February there must 
cxist a ni~dclle strata between 150 and '300 meters where C'N/NIII I \  I ~ ) ' I ? P ~ -  
lior-errs 1s iio longer to be found, but where C~lar~rrr /r17rnt/r-r11rrtrs 1s st11: 
Iour~cl in quaniities of ,~lmosl the same dimensions a s  c1eept.r down 
h o r cl g A r cl, q u ~ t e  In accordancs w ~ t h  thls, (1' 01) f ~ i l d s  small 
qliantitles of C(rlu17rts fr17r71urrl7r(r/s 111 Ihe outer part  ot the fjord before 
lhe cessation of the wlrlter concl~t~on,  whtlst C~rlanrrs IryperOoae~rs 1s clulte 
Ir~cking There  must thus be a sliilple a n d  clear connectiou betwee11 this 
phenomenon ancl the fact that  we do 1101 f i ~ i d  S ~ I ~ W I I I ~ ~  sharply con- 
finecl to cer ta~t l  Isotherms. There  a re  alw'lys small cjuaittlties of tbe 
species to be touncl outs~cle the isotherlns which clrcumscnbe the g r e A  
quantlties of spawning ,rnl~nals. 

Towards  the cessatioil ot the wlnier conti~tion we t ~ n d ,  011 the othi.1 
haitcl, that the two species cllffer In Inore essentl:~l fe ' i t~ues of the gre:rIesi 
importance fo r  the s ~ t u a t i o r ~  of Ihe spawnlng ‘ires The  great  'tnnual 
veltlcal m ~ g r a t i o n  takes place earliei for Culltnrts /irrr71(/r(/1r~1/) thau for 
CuIunr/s /~V~PI . / IOI+PI I \ .  The  ripelling of the organs  of s e l  1:ikes place 
much later to1 C N / N I I ~ I \  fr17/11~r(l7i(115 t11.111 tor Gtlonrr~ h \ l / ~ ~ ~ . I ~ o r ~ ~ ~ ~ .  

The  great  charlpes 111 concentrat~ori whlch we found 111 the case o f  
Crrlurlrrs h~iperhol-~rtr to be In dlrect colillectloI1 with t l i ~  vertlcal 1iii:r.l- 
tion, arid which we also found for the new generatloll ot that species, 
a re  not found for C'ctlrr17rts finnrr/r-rlrirrrs 111 the material frotn t!ie spr inq 
of I922 and 102cI The quantltatlve p lc t~t re  is q u ~ t e  hornogeneous botjt 
for the old and the new genelnlloli d u r ~ r l g  the time of these itivest~gatioils 
I f  on the other hn11c1 we comparr the ma te r~a l  from December I928 w1t1-1 
that  from March-i\pr~l 1020 wc sh:11l see that ch,ir,rcteristic q re t t  
changes 111 co~lcentratiol~ I n  connect1011 w ~ f h  vertical n l lg ra t~o~s  111usl h a \  e 
i~tlien place We tind a t l~orough change 111 the d11nensio1is of /he  catcll 
a t  the various stations. The  catch 111 Deceniber nlust be dlviclecl by 
20-40 111 order that we can arrive ai the same din~ei is io~ls  a s  the calch 
i r ~  ;\/larch-April. Frgure 28, whrcl~ was clrawn on the basis of N o s cl - 

g {a r cl's tables IS 1101 ideal demonstrat1011 of the cotirse oi  the changes 
111 concrnlrat~on in C~lurrr~s firinzl/rthir//$ of the old g e n e r a t ~ o i ~  Tile 
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bottom depths at the s tat~ons ~nvestigated are not suff~cienily homo- 
geneous for that, but the table shows the tlme of the occurrerlce of the 
change In concentration, and as  far as  can be judged ~t shows full ac- 
cordance with the dimensions found during the anvest~gat~ons i n  
1928-1929. 

D l s p e r s i o ~ l  o f  t h e  w i n t e r  s t o c k  o f  t h e  o l d  g e n e -  
r a t l o l l  o f  C a l a l z l ~ s  J i r ~ n z a r c h i c u s  o v e r  t h e  b a n k s  
c o m m e n c e d  m u c h  e a r l l e r  t h a n  i n  t h e  c a s e  o f  C a l a -  
n u s  l z y p e r b o r e u s .  

in the 1928 material there is a considerable difference in the di- 
s t r ~ b u t ~ o n  of stages in Cula~zus lzyperborerls and Calarztrs fi/zmarchicus. 
111 the former, an occurrence of females has begun and at the most sou- 
therly statloll also an occurrence of males. i n  the latter, it was only at 
the most southerly statlon that a few females occurred. In other words 
we f ~ n d  a far more advanced development in Galanus I~yperboreus than 
In Calaluis Ji~znzarchicrrs. 

In the sp r i~ ig  material the d~fferecce 1s still inore plainly demon- 
strated. At the beginning of the lnvestigat~ons pract:cally spealiirtg all 
the specimens of Calalzrrs hyperbore~ts caught had spawned. At that 
time CaLai211s fil?nznrchic~~s showed only a few {emales which had com- 
menced to develop eggs in the oviducts. It 1s during the period of these 
lnvestlgations that the great masses of eggs are transferred to the 
oiiducts and undergo their period of growth. 

T h e  w i n t e r  s t o c k  o f  C a l a n r ~ s  f i ~ z m z a r c f z i c u s  d o e s  
n o t  m a t u r e  ~ t s  e g g s  u n t i l  l o n g  a f t e r  t h e  v e r l i c a l  
m i g r a t i o n  h a s  t a k e n  p l a c e  a n d  t h e  d i s p e r s i o n  b y  
t h e  s u r f a c e  c u r r e n t s  h a s  b e g u n .  

I t  i s  t h u s  t h e  d i f f e r e n c e  i n  t i m e  b e t w e e n  t h e  v e r -  
t ~ c a l  m i g r a t r o n  a n d  s p a w n l n g  w h i c h  f o r m s  a d e t e r -  
m ~ n a t l v e  f a c t o r  i n  t h e  e x t e n t  o f  t h e  s p a w n i n g  a r e a  
o f  C a l a l ? r t s  f i ~ z m a r c l z i c u s .  I t  i s  t h i s  f a c t o r  w h i c h  
c a u s e s  t h e  a r e a  w h ~ c h  h a s  t h e  h i g h  p r o d u c t i o n  of 
t h e  s p e c i e s  t o  e x t e n d  s o  m u c h  f a r t h e r  o u t  f r o m  t h e  
f j o r d ,  a n d  t o  g e t  s o  m u c h  w i d e r  t h a n  t h e  c o r r e s p o n -  
d i n g  a r e a  f o r  C n l a i z r t s  h y p e r b o r e u s .  

The quest~on which remalns IS how the spawning area can be 
restricted to definite isotherms. 

The water which forms the upper layers ill ihe inner part of the 
Norwegian fjords is characterised by a low salinity throughout the year. 
The temperatures are characterised by great yearly fluctuations and 
have, in the area investigated, the lowest values precisely in February- 
April. At that time when the two species here investigated have their 



spaw11111g ~)er~otIs ,  C C ~ ~ U I I I I S  lzyj1~r00:'ells I ~ S  sole annual one, 2nd Caln- 
1 7 ~ s  j~nmarch~cus ~ t s  f ~ r s t  a11ntiaI one, the coastal water here ~ l n d e r  
considerat~on w11l be chdractellsed by far lower temperatures th'111 those 
ot the other categor~es w h ~ c h  are represented 

In its extent towards the Norwegian Sea thls coastal water will 
exhlblt great seasolla1 v a r ~ a t ~ o n s .  In the autumn i t  will have greatly 
receded In the sprlng and e x l y  summer ~t w11l have its max~mulll 
e ~ t e n t  The t l a n s ~ t i o ~ l  from one of these states to fhe other w ~ l l  be 
character~secl by great hol~solltal ilisplacements of iwtei-, convection 
currents whlch proceed from t h ~  11111er areas to the outer ones. 

When the two specles under cl~scuss~on have completed thelr annual 
~tertlcal rn~grat io~ls ,  they are in the surface coast water w ~ t h  low ternperil- 
tures ancl sallil~ty As the bulk of them follow the s t ro~ ig  cotlvectlon 
currents of those waters, they mttst of necessity constantly be found 111- 
s ~ d e  the boundary lmes w h ~ c h  separate the vatIous waters 

it 1s thus for p u ~ e l r  mechanical reasons that we cat1 locallso, the 
spawnlng locallt~es of the two spec~es  to deilnlle b o u ~ ~ d ~ r ~ e s .  The same 
border llnes ~ 1 1 1  be ihose of a i~ulnber of factors cF e~~vironrnet~t ,  
temperature, sa l in~tv atid for a certa111 perlocl also high ytla~ltltles of 
the local pla11t pla~lkton (K u u (1, F D y n, 1929) The c~rcumstance t h ~ t  
we f111cl for Calnrlrrs /inmarchlcns the 111ost ~ m p o r t x l t  111e processes, 
sex1121 IIpenlng, spawning and the growth of the spawn also, In the 
few lndivlduals w h ~ c h  a le  to be found ou ts~de  the border lines, s i~ows  
that the cl~ffelences In environment are of far smqller dl tnens~o~ls  tharl 
ihose whlch are decrs~ve for the procluct~on oE the specles 

Winter Stock and Changes in Concentratio11 in the Soattiern Area. 

In the foregoing chapiers we have etlcleavoureci to ilncl th? geileral 
features of the d ~ s t r ~ b u t ~ o n  of the two specles ~nvest~gate:l, before, during 
and after the annual vert~cal rnigrat~on In this accou~lf ment~on has 
~ h ~ e f l y  bee11 made of the concl~tions In a wirlter habltat In the d~scus-  
slon of the topography of the area lnvest~gated I C  was stated that even 
lri the so~tthern area there are to be found local parts of varlous slzes 
where the depth 1s so great that we find a considerable stocli spending 
the wlnier there. Nevertheless, In rliscuss~ng the hor~sclntal c l ~ s t r ~ b u t ~ o n  
of the two specles ~t IS show11 that after the vertlca! m~gratroils there are 
pract~cally no individuals In the southern a lea .  The entire area  after 
the many tests made must be character~secl as  extremely poor in the 
occurrence of the two species. In thls respect the conclltions d~f fe r  
greatly from those of the oiher area w ~ t h  great depths, the Inner area. 



The quest1011 naturally arlses as to the nature of [his difference 
Do they not exlst the gleat mzsses of alllmals willclr the occurrence 
oi' great depths would lead us to expect? Or, IS there any essential d ~ f -  
ference between the cond~tions of curiellts in the so~tther11 allel the inner 
area so that the changes In co~ ice~ l t r a t~o~ i  after the vertlcai mlgratlolls 
are of other dimensions? 

Materlal IS available from the autumn of 1928, iroln two statlotis 
117 the southern are1 (Stat~ons 367 and 368) whlch shows catches 111 

great depths of qulte the same dlrneristo~ls as ihose at the other stations. 
h o r rd g 2 r d ~nvestigaied 2 s t a t ~ o ~ l s  in the souther11 area, 1899, before 
Culaiztrs li/zmzarchicrrs had coll~pleted its vert~cal tnigration aild before 
Cala/zr:s /ryperboreirs had begun to mlgrate upwarcis. One station (See 
Flgs 29 d and 30 c) IS the same as 367, 1928, and also shows for  
IS99 very laige catches before the changes 111 co~lceiliratlon 11a:l had 
any effect. N o r cl g A r d's other stailon (Sagflord 1812, 1899) where 
the depth cloes not essentlaily euceecf 300 111eters shows that C~lairlis 
/zjl?erborerrs was presetlt between 200 and 300 meters and Culnizris fill- 

iizurchictls numerous from 300 meters io 50 meters. (See N o r d g Zi r ct 
and j o r g e n s e n  1905 P. 29-30). 

W e  c a n  s u m m a r t s e  i h e  a b o v e - m e n t i o n e c l  o b s e s -  
v a t ~ o n s  b y  s t a t i i l g  t h a t  a l s o  I n  t h e  s o u t h e r 1 1  a r e a ,  
f r o i n  w h ~ c h  w e  h a v e  s a m p l e s  o f  t h e  w ~ i ~ t e r  s t o c k ,  
t h e r e  w e r e  f o u n d  l a r g e  n u m b e r s  o f  w ~ ~ ~ t e r i n g  C u l n -  
n 11 s f i ir J I L  u r G /z  i c II s and C u I u r7 n s /2 y p e r h o r P I /  S. 3 samples 
from Sorfjorcl 5/12, 1929 show very large catches of the two species 111 

the most southerly part of the southeril area. 
T ~ L I S  the small catches of the two specles after verhcal mlgr3t1on 

in the souther11 area cannot be clue to lack of a wintering stocli. The 
possibtllty whlch rernalns 1s thai the changes in concentration on account 
of the coliditio~~s of currents 111 the area must be of dsrnensions cllffering 
fiom fhose 111 the Inner area. 

The evistlllg materia! for the stucly of thls phenomenon IS not very 
hoi~~ogeneous. I t  suffers greatly from the disadvantage that in no case 
rllatclial exist before and after the vert~cal migrations of the same year, 
but on the other hand tt IS eutremely unllkely that the varlat~ons from 
year to year can be as enormous as  thosn, which we fs~lcl if we .irrange 
the varlous stattor~s 111 the southern area accorditlg to season, in-espectlve 
of the year in whtch the collect1011 was made. 

If we lnvesltgate the changes in collcentratlon at the stat1011 most 
frequently e~amlriecl (Qikssu11.J Statlon 1 a11d 47, 1922, S ta t~on  367 1928) 
as regards Cala~zrrs Ji~~nznrci~ictrs we obtalil the following values (Staied 
'1s the relation between the total catch and the area of the openlug o f  
the net) : 



10/12 1928 L .000 ~ndrviduals. 
1712 1899 1.600 ~ndlviduals. 
4/4 1922 7 lndlv~duals. 

In support 01 the last low figure we cctn refer to the strrfsce hauls 
]:I 1922 from the station In question and the adjacent statlons (See Flg. 
41 Stations 1, 46, 48, 49 and 70) wlth a total catch of one ~nd~ \ idua I ,  
and the meagre vert~cal hauls from the adjacent station 46 (Set. 
Table 25). 

If we revlew the above-ment~oned hauls from the wlnter c o n d ~ t ~ o l ~  
and the previously mentioned halus from the southern area 1922 \v? 
frnd everywhere differences of the above-ment~oned dimensions, and we 
find that these apply to both species lnvestrgatecl 

There are  a number of circunlstances wh~ch  inciicate that the 
currents must be very dlfferent In the southern and In the inner areds. 
It has already been mentioned that the current in the whole area in- 
vestigated (See P. 107) goes In along the soltthern (eastern) s ~ d e  of 
the fjord and out along the northern (Western) side. The parts of the 
southern area lnvestlgated (See Fig. 41) consist 01 small fjords and 
of comparatively open skerrles whlch do not offer res~stance to the - 
lngolng convection current. 1 he fact that a great evchange of water 
from without (or from the south) must take place is also shown by the 
high temperature and salinity tn the area. 

These hyd rog r~ph~ca l  conditions are In marlied contrast to the 
cond~ t~ons  In the well protected Inner area, where durlng the lnvestlgc1- 
tlons we found low temperatures and salinity. T h e d a t  a s LI b m I t - 
t e d  t h u s  i n d i c a t e s  t h a t  t h e  c h a n g e s  i n  c o n c e n t r a -  
t i o n  ~n t h e  s o u t h e r n  a r e a  a r e  of  q u l t e  d l f f e r e n t  
d l m e n s ~ o n s  t o  t h o s e  i n  t h e  i n n e r  a r e a .  O n  a c c o u n t  
o f  t h e  g r e a t e r  e x c h a n g e  o f  w a t e r ,  p r a c t i c a l i y  
s p e a k ~ n g  a l l  t h e  w ~ n t e r l n g  s t o c k  1 s  r e m o v e d  b y  t i l e  
c o a s t a l  c u r r e n t  ~ m m e d ~ a t e l y  a f t e r  v e r t l c a l  m l g r d -  
t l o n  

It is more probable that the small quant~ties of the two species 
whlch were found In the southern area were cdrrled there from farthe: 
south, than that they are survivals of the w~ntered stock 

Origin of the It~dividuals in the Northern Area. 

It will appear from the present investigations that it is much easier 
to carry out studies O F  the quantities of a species whlch disappears from 
an area than to determine whence the individuals come which nre trans- 



ferred to another area. It has thus been poss~ble from the existing 
material to form an ~ d e a  of the large masses of individuals which disap- 
pear from the inner and the southern area immediately after the verti- 
cal migrat~ons. It IS at  present, largely because very few hydrographical 
data have yet been published, very difficult to form an idea a s  to the 
origin of the great masses which are carried into the northern area after 
the vertical migrations. I t  is certain that the bulk of them come from 
the wintering places in the inner and souther11 areas. But it cannot 
yet be determined to what extent ildividuals are supplied from localities 
south of the area investigated. Neither do we know in what quantities 
the two species already during ihe period of the investigations may be 
carried by the outgo~ng coastal current further northwards and west- 
wards, away from the area comprised by the investigations. It is pos- 
s ~ b l e  that even with the exsting material we can approximately estimate 
the number of wintering animals and compare them with the calcula- 
tions of the total number in the northern area, but ~t would be natural 
to postpone investigations of that kind until subsequellt material has 
t h r w n  more light over the details of these questiorts. 

Origin ot the Individuals in the Outer Area. 

Neither have the invest~gations given many data for a considera- 
tion of the origin of the individuals in the outer area. Judging from the 
high temperature and salinity in the outer area very likely its water 
belongs to the i~orth-going coastal curren'r, ancl is less statio~lary than 
the water in the northern area. 

As will appear from the following compariso~l between R u u d's 
investigations from More (R u u d 1029) and the material here submit- 
ted, spawning of the two species takes place earlier off the southern 
part of our west coast. It is therefore of considerable interest for 
determining the origin of the individnals in the outer area that it was 
found that the individuals at the outer~nosi stations in 1929 were more 
acivsnced in their development and belonged to a n  earlier spawning 
than the individuals in the inner part of Ihe fjord. 

Compariscn between the Distribution of the t w o  species of C~prepoa's 
and Eupdiahssidae in the Area Investigated. 

The present material has simultaneously with investigations of the 
two species of Calnnus been examined with regard to other elements of 
zooplankton, including euphausidae. H j o r t and 2 u u d (1929) have 



kindly published some of my data regarding the biology and distribtr- 
.tion of euphausldae in the area (See H j o r t and R u ~t cl 1929, Pp 
65-68 and Figs 41, 42 and 43). I t  will be seen from Flg. 41 (H j o r t 
a113 R LI u ci 1929) that Tlzj~sanoessn iliterllzis (et tzeglectu) K r D y e r 
were absolute predominant in the 1922 material. The old generation 
of that species co~~sis ted of males, and females with eggs and sper- 
matophores. In a ~lttmber of females with eggs it was also observed 
that spawning had partly commenced. The new generatton, which 
thus in this case inay be referred to this species, consisted chiefly of 
eggs, nauplii and melatlauplii. 

As regards clistribution, we find one feature cominon to ettphausidae 
and the 2 species of copepods. For euphausidae also the area may have 
a preclominant occurrence of ihe old ge~leraiion (See H j o r t and R u u 3 
Fig. 41) and a predominant occurrence of the new generalion. (See 
H j o r t and R u u d Fig. 43). This spawning area can further be 
restricted as  regards Tl~jlsnnoessa i ~ f e r ~ n i s  to certain isotherms.. It lies 
'between the isotherms for 3" and 5" C. 

There is one feature which differs in T/iysunoessa ilzermis and 
in the 2 Cala~itrls species. Their clistribution is in separate parts of the 
area investigated. Tfzysanoessa ilzermzis and its eggs are almost totally 
lacking in the northern area where the two species of Cninnt~s pre- 
dominate. This difference in distrib~~tion can be traceict in the slightest 
details. Thus it has alreacfy been mentioned that oil 10/4 1922 an 
illnovatio~l of warin water cotlld be traced that part of the northern area 
which lies clirectly east of Vzroy. It will be seen from Fig. 41 in the 
present worli that the catch at Stations 60, 61, 62, 63 and 64, those 
stations which showed high iempera'rures and salinity, was low in 
respec-i of th'e two Calalzrrs species. Two stations were negative, and 
the other three had a total catch of 148 Calnlztrs fitzllzarc/zic~rs, females. 
The catch per surface haul had clecreasd from 140, at the first obser- 
vation, to 30. At Ihe same time the catch of euphausidae eggs had 
increased. (See H j o r t and R LI u d 1929 Fig. 43j,  at Station 60 from 
900 to 1100, at Station 61 from 250 to 2000 ancl at Station 64 froti1 

0 to 250. 
Very inferesting are further !lie large figures for the catch 3f 

euphausidae eggs at Stations 46, 47 and 70 near akssund,  where as  
just ~nentioned Calnl7ris fit7mnrchictts must have bee11 removed by an 
invasion of water fron~: the south. There too thz tmperaturcs  were 
f a r  higher than at the adjacent stations on the northern slcle of the ijord. 

The results of the investigations of euphausidae from 1928 and 
1929 have not bee11 published, but the material shows two very in- 
teresting features which will only briefly be mentioned here. The 



materlal from the au t~ tmn of 1928 shows that the etrphausldae during 
the wlnter cond~tion at  the coast of North Norway are not, like the 
copepods, accommodated at great depths. They are freqt~ently found 
In hauls between 100 ~neters  and the surface. The 1929 ~naterlal  shows 
that the occurrence of euphausldae and t h e ~ r  eggs in the Inner area  
is very meagre. Altogether the materlal shows that the characleristrc 
dllference In the spawning are2 can be traced already In and \v~ th  
the d~fference In the vertlcsl dlstribut~on durlng the wlnter condition. 
The causes of the characteristic spawnlng area must be sought In con- 
dltlons quite different to those which we have found In the case of the 
two spec~es of Calnnus.') 

Comparison between the two species of Calar~aas 
at Aiisre and at Lofoten. 

It will appear from Table 16 that the development of both species 
oi Calanrrs at Station 374 in Romsdal Fjord, 15/12 1929 was far   no re 
advanced than a t  the stations some days earlier and 5-0 degrees 
farther north. In the case of Culnntrs lzyperOoreris this is the only sta- 
tion from the winter condition of that year where an  occtirsence of 
nzales had comr~~encecl. Likewise the llurnber of fetnales is relatively 
higher than a?  the staiiorls farther north. As regards Ca!nizrrs Jill- 

marlzicrls this was !he oldy .station where the occurrence of females had 
con~rnenced. 

R i t  LI d (1929) gives us an  oppostutiity of cotnparing the cor?ditions 
at  More in 1926 and in I927 n~?rri the conditiorls at  Lofoten in 1922 
and in 1929. 

From R uu. d's Table 9 ( R  u u d 1929 P. 33)') it  will be seen 
that the developmeilt of the new generation in the Romvdal Fjord 22/3 
15327 hacl at least reacher1 a frequenl occurrence of Stage X, whilst i t  
will be seen fro111 Fig. 44 of his ivork that the same stage c a n ~ ~ o i  have 
occtrrred in the Lofote~? area, 1922 and 1929, until about 2014 in the 
cuter part  of the Vest FjorrI. 111 its i1111er part  the cle\~elopment 2214 
1929 had r-io-t advanced beyond Slage VlI .  I t  will be seen from R LI t i  d's 

-- 

l) Investigations December 1931 a n d  January 1932 h a s  proovei! t i le existence 
of very large ziurnbers of Euphausidae, predorniilaling Thyssarto:ssn irterrni.7 in cer- 
tain fjords in the Tronzscr area during wii~ter conditio~ls. The specir?~eiis uoderta'.e 
at this time of the );ear exterisive daily vertical migraliolls, during tile few i~oiirs of 
day they have beei: fcu:~d between 200 atid 100 n:elers ai:d froin 8 o'clock in the 
evei~ing to to 9 o'clock in  the nlorning tiley are mnitily ioi~ni: bet~vlvee~i 100 meters 
and surface. 

2, See a!so Tab. 8 i t 1  the prcseilt ~,vorli w!iitre the saine sanipic was iniestignted. 



Table 23 that the development of the new generation of Calarzzrs hyper- 
borerrs 2213 had gone as  far a s  Stage X, a stage (See Fig. 36) which 
in the Lofoten area 1929 did not appear until one month later, and in 
1922 from 14 days to tl-tree weeks later. 

" T h e  s p a w n i n g  t i m e  f o r  t h e  t w o  s p e c i e s  o f  C n l n -  
t lzcs t h u s  c o m m e n c e d  i n  t h e  R o m s  d a l  F j o r d  1 9 2 6  
, t n d  1 9 2 7  s o m e w h a t  e a r l i e r  t h a n  i n  t h e  L o f o t e n  d i -  
s t r i c t  1 9 2 2  a n c l  1 9 2 9 ,  I n  a d d i t i o n  t h e  c l e v e l o p m e n l  
i n  D e c e m b e r  1 9 2 8  w a s  f a r t h e r  a c l v a i ~ c e c l  a t  n i l s r e  
t h a n  i n  t h e  L o f o t e n  a r e a .  

R u u d's Tables 7 and 8 further show that the occurrence of cope- 
podits of Crtin17us fi~iimarchiczls in 1926 and 1927 also over the banlis 
off More commencecl far eariier than in the Lofoten area, 1922 ar?d 1923. 

R u LI d described the spawning period for Calanris /~y/ierDoreus 
in the Romsdal Fjord i i ~  the followillg manner: - (P. 50). >>Fro111 
this we may conclude that Spawning began in February and was pro- 
bably still going on at the end of March<<. Assuming that the rate of 
development is the same in the Lofoten area and in the Romsdal Fjord, 
we may conclude from the first appearance of the stages mentioned, 
that Spawning 1927 in the Romsdal Fjord must have commenced at 
the beginning of February, possibly as  early as  in January. The sample 
from the RomsdaI Fjord in which the distribution of stages also of 
nauplii of Calnr2us lzyperboreris was analysed (See Table S in the pre- 
sent ~vork and R u LI d (1929) P. 33) did not contain earlier stages 
than 111. This stage, as we have seen from the Lofoten area, mly  occur 
even 115 months after spawning from that part of the stocli which has 
finished the vertical migration. There is therefore so far no re,?san to 
conclude that there is a more prolonged spawning period in the Roms- 
dal Fjord than in the Lofofen area. R u LI cl too makes no mention of 
having fout~cl delayed spawning in deep waters which could explain 
his account of the protracteci spawning period. 

R LI u d states that Cainniis fiisrnarchicus over the banks off the 
coast of More >)has a source of its own fl-om which it is replenished by 
immigrants froin the coastal current farther to the soitih, and not from 
the water on the other side of the Atlantic Ocean Current<<. (H j o r  t 
and R u u d 1929, P. 99).  The coriditions off More are tl-rerefore exactly 
the same as  those over the banks investigated in the Lofoten area. It is 
naitiral to assume that the stock off NIore is renewed from the wintering 
locallties in the fjords or the inner coastal waters in the same mzitlner 
as  in the Lofoten area. This is also indicated by the occurrence of 
Crrlill~lrs /~yperboireus over the banks which R u u d (R LI u d 1929, 
Table 22) records from the hr-lvls made in March-May 1926 and 1927, 



An analys~s of these samples also with a vlew to the earllest stages of 
Culai7us hyperiloreus wlll undoubtedly further ~ i u c ~ d a i e  the quest~on 
of the origin of the great masses of Cnlurzus jii~marchicus. 

Cot~iparison between the GuIi of Maine and the Lofoten Area. 

B I e g e l o w (1926) ,awes a summary of many y r r s '  ~nves t lga t~o~ls  
oi the Gulf of ~Malne The work has already a~oused  much attention 
amongst European scientists because the planliton specles In the Gulf 
of Malile are  lsractlcally the same a s  those of the North European 
\+aiers, a1lc1 the faunlst~c co~lclltlons are mostly the same as those on 
the east slde of the Atlantic. 

B I e g e 1 o w glves very few data legardlng the breedlng conditroils 
~n the Gulf of Mame of the two spec~es here clealt w~ th .  He refers to 
~rlvestlgat~ons of that klnd as  an lmportailt task for future ~nvestigators. 
hlost lnterestlng 1s a comp2rlson of hls statlst~cs of the seasonal dlstri- 
but1011 and regional cllstrlbutlo~~ of the two specles. 

Of very great Interest are the great changes ln the quant~tles of 
Cril~ri~is fiiz~narchicus at the varlous s tat~ons whlch B i e g e 1 o w records 
from the months of March anel April Thus he ment~ons a change In 
concentrat~on at a stat1011 between 1213 ancl 1514 from 103.000 to about 
600 (P. 201). Thls lndlcates changes in concentratlorl simllar to those 
found in the southern area off Lofoten and far higher than those found 
In the Inner ares 

In some cases B I e g e 1 o w slates that Calnr~irs jinnznr~l~icrrs 1s 
often 1estr:cted In ~ t s  occurrence to certaln isotherms as  was also found 
In the Lofotell area. Thus for the summer of 1916 (P. 210) he states 
that south of New Voi-li lt was llm~tecl both vertically and honsontally 
to water and ternperdure between 4" and 7", wh11st In other clrcum- 
stances he was able to show that the specles can Ilve et  ternperatul-es a s  
hlgh as  24". (P. 209). 

The seasonal occurrence of Cnlar~rrs hylierbove~rs colncrdes verv 
closely wlth that fou11d In the Lofoten area. 111 some cases B i e g e - 
1 o w's materlal has permlltecl a f3r better rnapplng of the horisolltal 
distrlbutlon during the diffeterlt rnci~ths of the year fl1:itl thc inatr-~ial 
froln the Lofotell area Thus In February ancl May he f l l~ds  the specles 
distributed over the whole of the area lnvestlgated as 1s the case 111 the 
5 ofoten area durlng the h e  after the vertlcal mlgratlon As early as 
111 the summer mo~lths and later on through the wlnter months he flnds 
ihe specles restricted to the inner part of the area (See Flg. 68). 

Certaln features of the distrlbullon of this species appear lo be 
very d~fferent In the Gulf of Mame from those off the coast of Norway. 



Thus the maierlal froin D Joha11 H j o r i i ~  cruise 111 the summer of 1923 
shows that Cnln~zus izyperboueus In the sulnmer (June-July )was st111 
fou~ld  scattered over the outer coastal banks (See P 73-74). 111 the 
Inner parts of the fjords we mainly find rernalIlilig lndivi~luals from the 
spawning of the old generation The material from the Oslo Fjord at 
Drobak shows how an lnvaslon of the new generatloll to the wintering 
places occurs in the autumn and wlllter months. B I e g e 1 o w's mate- 
rial lndlcaies that the the new generatlo11 from spawning in the Gulf 
or Maiile is scattered over the entlre area In the same manner as  ~n the 
Lofoten area, but that they already very early are removed irom the 
outer part of the area 

B I e g e 1 o w (Fig. 69) shows an  invasion Into the Gulf of ivralne 
from the localities lylng to the north. Probable thls lllvaslon plays '1 

very iniportant part for the evlste~lce of the specles ln the Gulf og 
Maine, and that the collditlons are thus essentially different from those 
In Sca~lt l lnavia~~ waters where such an lilvasloIl on a large scale cannot 
take place. 

N o r d ,a 2 r d (1918) and S a r s (1925) show how this specles 
occt~rs in the Atlantlc as far south as  30 degrees N., and we must agree 
with N o r d g 2 r d's view that Ihis sporadic occurrence 1s due to cold 
convection currents. Is  rt not conce~vable that the stocli 111 the Gill! 
or St. Lawre~lce (W I 11 e y 1919) and the Gulf of Malne, even ~f 
breedlrlg takes place at both of these places, is not a stationary stock 
l~lie that 111 our fjords, but co~~s i s t s  of iiidivicluals whlch by these ce1-1- 
vectlon currents have been transported from Arctic tvzters and on 
account of local conc~~tioiis are more or less cielayed 111 their further 
drlfl southwards and eastwards. 



1) The ge:leral part  oi the present work contains a d~scussion of the 
general laws controlliilg the geographical clisl~~bution and the pro- 
cluctionw~thin a certai~l marine area of zooplanctonic species, ~llustrated 
by i~lvestigat~ons of Calanus /innzarchicrrs and Cnlaizns Izjtperboreus. 

2) Chapter I contains a morphological description of biological groups, 
eggs atid larval stages of Cnla~~r ts  hyperhorezls and Calar-ltrs /if?- 
~nrrrc/ricus. 

3)  Chapter ZI shows how the larval stages of the two species cannot 
be distlngt~isiied by m e a s i ~ r e m e ~ ~ t s  of the total length. By meastiring 
the carapace it h a s  been possible to find a metilad for separating the 
larval stages and of determining them clua~ltitatively In the samples. 

4) Chapter i l l  cleals with the biology oE Calarzl!s /zyperDorelks on the 
basis of experimental studies and analyses of samples from the 
coast of Norway from the variotrs seasons of the year. 

5) Chapters TV and ;i deal with investigations of the two species from 
the Lofoten area.  

6) The two specks spend the winter ill the Lofoten area a t  great depths. 
Caianrls /zyperOoretls i l l  the winter condition is so cteeply distributeel 
that its horisontal extent is restricted only to the in11er areas  where 
the great depths occur. Calnnlrs fi~zmnrchicus, which is somewhat 
less cleeply distributed, is not so sharply restricted to the inner par ts  
a s  the foregoing species, some few persenis of the stock a r e  also 
Sound outsicle tile area  where the g r e a t s  depths occur. 

7) The winter condition IS for both species interrupted by an annual 
vertical migration. This is a s  regards Caiarzus fi/;marcIzirus co~il- 
pleterl about the rnicldle of March and 2 s  regarcls Calarzlls hypcr- 
Ooreus about the micldlc of April. 

8) During i11e completion of and after !lie vertical migration t11~1.e takes 
place a change ill concentration ill those parts of the area  in wllicli 
a winter siock existed. This change in c o n c e n t r ~ t ~ o n  IS due to the 
circumstance that tile indivirluals after reaching the higher lajiers 
of wafer a re  carried away by strong convection ctrrrents frorri the 
winter localities out over the coast31 banks. 



9) The changes 111 concent~ation of kailotts ciimensions 111 the 
ci~fferent p a r f s  of the a lea  ~nvcstigaiccl In well plottctec? parts 
some of the stock remalns, but in ~ 1 1 i t e i  local~tics amnong the skei~ies ,  
where there is no protect~on, the stock 1s comp;etely cariie:! awav 
by the convect~o~i currents. 

10) Calarzus lzyperDoreus has  a very resti~cterl spawnlng area wh1c11 
may be Iimitcd to the surface ~sotherrns f o ~  2"-3" C. 

1 I )  This restr~ction to isotherms does only apply vertically Withitl 
the presclibed area spawning takes place 111 layers of watel with 
a temperature up to 7" C., the highest temperature observed in 
the area during spawning. E\perime~itallr, spawning has  been 
observed a t  temperatures between -1°.5 to 7O.5 C. 

12) The deve'iopment of eggs takes place a s  regards. Calclnus hyper- 
Ooreus before the annual vertlcal migration. 

13) Spawlilng takes place at  different rates III the upper water layers ai~cI 
In deep water Experlrnents appear to show that both certaln conc11- 
trons of l ~ g h t  and low temperatures have a s t ~ ~ n u l a i ~ ~ ~ g  effect upon the 
rate of spawrllng. Sisawning IS therefore p~obably  dc~penclent upon 
the annual vei t1ca1 migrat~on. 

14) The eltent of the spawning area  a s  regards this species is m a n l y  
dependeni up011 one factor, viz. the exteilt of the wlilter area of 
d i s t r~but~on .  

15) The spawn~r-ig area  of Cnlu~zrcs f~nmznrriz~lrrs IS not so shzr l~ ly  
deflneci a s  that of Calnnus izyperbo~ cris. T h ~ s  is connectecl with 
the circuixsta~ice that the horis01it~1 d ~ s t i i b ~ t i o ~ i  of the species In 
the w ~ n t e r  conriil~orl 1s not a s  restricted 2s that 01 Calnaus hyper- 
Dore~rs. 

16) About 19,20. of the stock of Ca~anrts jzamza~clzrcus spawn ins:de the 
surface Isotherins for 3O.5 C ,  but spawnlng takes place both boil- 
sontally 2nd probably also v e ~  tlcally a t  all the temperatu~es r-epre- 
scntect in the area  d u ~  ~ n g  the i~~vcst igat io~ls .  Spawning takes place 
v<itil a h o s t  the same intensity everywh:re where fe:nales ready to 
spawn are  prese~ii  

17) 111 Cnlarzrrs J~~zr~znrc1z~rri.s the bevelc~pment of cggs takes place s f t e ~  
the compler~on of the ancuai  v e i i ~ ~ n l  ~r i lgral~on The peiio:l of 
s p a \ ~ i l ~ n g  IS much more p r o t i a c t ~ d  lhcln t$:i of Cnlnnlls l2yperDorel.s. 

19) The clrcumsta~ice that 19 20 of the stock spawn vq~tliin c ie f in~ t~  
isotherms and  ~sohalii:es IS due to the detcrmln:~t~oi~ 3f the spawnin5 
area by two factors, I )  The horisontal clislr~but~on d u r ~ n g  WIII!?~ 

2) the d~spelsion of the winter stock by s;~rface currents duiing 
the time bet t~een the a~lriual v e ~  tic21 rnlgratioii 2nd tke cieveiopment 
of the frrllgrown eggs. 



19) It is poss~ble that the development of the new generation of Calanflis 
hyperboreus into the later stages can only take place a t  low tempe- 
ratures, a circumstallce which will be of great importance in future 
investigations of the geographical distribution of the species and  
of the pro~duction of the species in various par ts  of the ocean. 

20) D a m a s (1985) was able to localise a spawning area  for Calanrts 
jinnzarclzicus in the souther11 part  of the Norwegian Sea. It is most 
probable that the phenomenon shown by D a m a s  is due to! a 
rlumerical differer~ce in the occurrence of spawning animals as in 
the Lofoten area. H e l l a 11 d - H a n s e n a n d  N a n s e 11 (1909) 
show that the 3 species Caiaizus lzyperDoreus, Calarzus fin~larchicrts 
and  Pseuriocalanus elongatus are  stationary in more stationary 
water exposed to movements in various directions and for each 
species of different origin. CaLanus hyperborelrs in water of pure 
Arctic origin, Caialzus fintlzarchicrts in water consisting of a mixture 
of Arctic and Atlantic water, and  Pseuriocalanus in water of pure 
Atlantic origin. From the investigations in the Lofoten area  we 
may co~lclude that the species a r e  only stationary during the winter 
condition. It seems to be extremely probable that we from the 
investigations now carried out can establish the following rules 
for the geographical 'distribution and the production of marine 
pelagic animals: 

21) When a species is stationary in an area of the sea, also the water 
of this area will have to be comparatively stationary. 

22) When a species occur in waters where convection cvtrreilts a r e  
prevailing a d e f i c i e 11 c y (p. 18) due to changes in ecological 
factors will be fotlnd. 

23) The age  of the water masses in their biological area is a factor of 
domillant influence in the production of marine pelagic animals of 
different areas of the northern seas. 
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